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PREFACE 


The present volume is an instalment of that pait of the 
treatise dealing with the great phylum Appendiculata — a 
phylum which includes the Arthropoda, Chsetopoda, and 
Eotifera. Dr Caiman having finished the present description 
oi the Crustacea, it has been considered advisable to publish 
it at once, without waiting either for the general intro- 
duction on the classification and characters of the phylum 
Appendiculata or for the completion of the fascicles devoted to 
the Penpatoids, Chilopods, Arachnids, Chilognaths, Hexapod 
Insects, Chsetopoda, and Rotifers 

E EAY LANKESTER 
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process of the mandible is feebly developed. The paired fiontal 
sense-organs in the form of papillae develop at an early stage, 
though not present on hatching The maxillulae and maxillae are 
geneially not marked off till after the succeeding limbs have been 
differentiated The “ dorsal organ ” or nuchal gland is very large 
in the early stages even in those forms in which it is greatly 
reduced or absent in the adult The trunk-somites and their 
appendages become differentiated in regular order from before 
backwards 

In the Conch os traca the earliest larva has no trace of the 
trunk - somites The antennulos “are greatly reduced and the 
labrum is very large The nauplius of Limnetis is remarkable for 
the broad dorsal shield and for the peculiar cruciform shape of the 
front of the head In the Conchostraca and in the Cladocera the 
shell develops from paired rudiments The later larval stages of 



die Conchostraca, as, for instance, Esthena , correspond veiy closely 
rVith the adult structure of the Cladocera 

In the Cladocera the eggs are usually large and rich m yolk, 
>r, when the leverse is the case, a special provision is made for the 
lounshment of the developing embryos within the brood-chamber 
The egg-membiane, which m the parthenogenetic (“ summer ”) eggs 
s very thin, is early cast off, and the developing embryos lie free 
vithm the brood-chamber In the sexually produced (“winter” 
a “ resting ”) eggs the whole development is gone through within 
he egg-membrane A distinct nauplius stage is passed through, 
nd, at least in some cases, is marked by the formation of a cuticle 
rhich is cast off later The rudiments of the maxillulae and 
laxillae do not appear until after some of the truDk-limbs have 
lready appeared, and the maxillae afterwards become reduced and 
isappear m the adult In the embryos of some Cladocera m 
r hich only five pairs of trunk-limbB are present m the adult, six 
ans of rudiments are formed, but the last pair disappears later 
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The young of the Conchostracan Cydediim ia have ,ui uinbiyomu 
development very similar to that of Cladoconi within tlio .shell nf 
the parent 

A remarkable exception to the rulo of ombryomu development 
among Cladocera is affouled by the abonant genus Leptodom The 
parthenogenetic “ summei ”-oggs develop m the usual way within 
the brood-pouch of the paient The “ wintei ’’-eggs, howevei , hatch 
out as metanauphi (Fig 31) The body is unncginoiilud, but the 
six pairs of thoracic limbs are already visible as null munis The 
antennules are veiy shoit The antennae, on the other hand, am 
unusually large, as they are also m the adult Thoy uiu without 
any masticatoiy process The mandibles have long iinsegmented 
palps The compound eyes are not yet dovelopod, but the naupluiM 
eye is present, and persists throughout life m thu individuals 
hatched fiom “ winter ’’-eggs, while it is absent m those hatched 
from the “ summer eggs In the reduction of the aul ennui os (Ins 
larva shows some resemblance to that of Edha ut 

Eemarks on Habits, kto 

The great majority of the Bianchiopoda inhabit fresli water 
A few species of Cladocera, belonging to throe genet a, occui in the 
sea, and the Anostracan Artemia is found in salt lakes and brine- 
pools The Cladocera form an important part of the plankton of 
lakes and ponds, and the larger Anostraoa, Notosliaca, and Con 
chostraca occur chiefly m small ponds and rain-water pools. Thu 
occurrence, throughout the group, of sexually produced, tluck- 
shelled “resting ’’-eggs, which can suivivo desiccation, in addition 
to the thin-shelled eggs produced by parthenogenesis, probably 
indicates the very ancient adaptation of tho Jhancliiopoda to ,i 
freshwater habitat 

No parasitic Branchiopoda are known 

The Cladocera are nearly all of microBcopxo size, and homo species 
which do not exceed 0 25 mm in longth are among tlio smallest, 
known Arthropoda. Of the othei ordors, tho Notostiaea comprise 
the largest forms, some species of Aput, reaching 70 mm in 
length, , 

Palaeontology 

The Conchostraca are well known as fossils, and forms 
referred to the existing genus Estharia occur as early as tlio 
Devonian The Notostraca are more doubtfully roprosontod by 
Fiotocans from the Lower Cambrian. Prom tho doliuacy of tlioir 
structure, the Anostraca are less likely to bo presorvod, ami almost 
the only undoubted example is Emnchpodites of tlio Ohgocono Tho 
Cladocera are not certainly known earlier than PoaUcrtiary deposits. 
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Many palaeozoic fossils formerly classed with the “ Phyllopoda ” 
are now referred to the Phyllocanda 

. Affinities and Classification 

The alliance of the groups included m the Branchiopoda is 
justified especially by the lobed foliaceous form of the trunk-limbs 
which they have 111 common, but the divergences of structure m 
other respects are greater than is the case m other sub-classes of 
Crustacea. Thus, while the other sub -classes are more or less 
strictly nomomeristic, each of the orders of Branchiopoda, and even 
some of the families and genera, are markedly anomomenstic. Tins 
is m agreement with the view that the Branchiopoda are a primitive 
group which has not attained to the fixity of general structure 
found in the other sub-classes 

Their primitive character is further shown, as has been pointed 
out, by the general uniformity of the trunk -somites and their 
appendages, by the presence of gnathobases on all the trunk-limbs, 
by the “ ladder-hke ” form of the ventral nerve-cham and the post- 
oral position of the antennal ganglia, and by the tubular heart and 
lfcs segmentally arranged ostia The primitive character of the 
larval development has also been alluded to. 

It may be mentioned here that, as in other groups of Arthro- 
poda, the possession by many Branchiopoda of a large number of 
somites can hardly be regarded as proof of their primitive position. 
In the Notostraca, the fact that the p os tenor pairs of appendages 
exceed in number the somites which carry them, shows that 
secondary changes, whether by coalescence of somites or, more 
probably, by multiplication of appendages, have taken place A 
further argument m favour of a possible increase in number of 
somites is afforded by a consideration of the aberrant Notostracan 
genus Polyaiieima (Fig 32) Apart from the Cladocera, which the 
abbreviation of the trunk excludes from the comparison, Pohjarterma, 
forms the only exception to the rule that the genital apertures of 
the Branchiopoda are situated, approximately, m the region of the 
twelfth trunk-somite. Now, the close resemblance m all other 
aspects between Polyartemia and the other Anostraca strongly 
suggests that the nineteen somites interposed between the head 
md the genital somite m that genus correspond, as a whole, to the 
jleven somites which occupy the same position m the other 
ijiOfltraca, and the agreement of the latter in this respect with 
nost of the other Branchiopoda seems to indicate that the smaller 
Lumber of somites is here the more primitive, the larger the more 
pecialised condition If this be so, a similar multiplication of 
omites in the post-genital region of Notostraca may well account 
or the exceptionally large number found m that order 
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The classification of tlio llraneluopoda uiminonlv adopted dilleis 
fiom that given Mow in gionping together tlu* Aim.straca, 
Notostraca, and Conchosli aca as a .single ordei, Phyllnpoda 
(Latreille, 1802), 1 distinguished from the Cladorora ilnolly 1 » t v the 
greater number of somites and appendages and by the pievaloino 
of metamorphosis in development The gioups of l lie Phyllopoda, 



Km vj 

PolyarleuLui fun Ipaiu, mn 1 uf tlm AiionIiiuh x f> (Alim .Shin) A, ii iiiilIi , iIhimlI 
B, main, lutanil vluw a', iimIiiiiiiiiIuh , a", unli'iimm, nitml! In ( 1m li'iimln Ini! Hii'iitlv 
enlarged mul tlmm bnimliiul In tlm ninln , fit, "ImnUil iiiipiMit I iik" " . /'. I'lilu'il n| Urn 

mole, There urn nlnntoim limb 1mm Inn 1 1 mile hdiiiIIjih, rnlluunil, in dm mail*, b\ nI\ KiiiIiIi'mh 
somites (besides the tulson), ot will* li tlm 111 h! him l him (mil mn pmllv umiIi’mhiI 1 * i limn Urn 
genital segment In tlm fumuln tlm limbless ingmii nl llm tnink Ih ii iimi^mh nlwl. 


kowevei, differ among themselves m characters which aio at 
least as important as those separating the Cladoeeia from the 
Conch os traca, and it seems definable to recognise this by giving 
them the lank of ordois 

1 Unfortunately holjiq widuis, following Cluim, lm\u ti iiiimjkihimI llm hiuiiln 
Biftuduopodu and Phyllopoda, applying tlm laltm* to tlm siili-cliuw mul tlm foiniur 
to one of its divisions, but this use Is not sum tinned ullmr b\ prioiity oi by 
universal custom 



THE BRA NCHIOPODA 


53 


Sub-Class Branchiopoda 
Order 1 Anostraca. 

Carapace absent, paired eyes pedunculate, antennae prehensile in 
male, reduced m female , trunk-limbs, 11 or 19 pairs, none post-genital , 
furcal rami unsegmented ; development with metamorphosis 

Family Polyartemiidae. Polyartemia, Fischer (Fig 32) Family 
Branohipodidae Brancliijius , Schaffer, Clm otephalns, Prevost (Fig 
21), Artemia, Leach, Bi anchmecta, Verrill (Fig 15) Family 
Thamnooephalidae Thamnocephalus , Packard 

Order 2 Notostraca. 

Carapace forming a dorsal shield , paired eyes sessile , antennae 
vestigial , trunk-limbs, 40 to 63 pairs, of which 29 to 52 are post-genital , 
furcal rami multiarticulate , development with metamorphosis 

Family Apodidae Apus, Latreille, Lqndunis, Leach (Fig 16) 

Order 3 Conchostraca. 

Carapace bivalved, enclosing head and body , paired eyes sessile, 
coalescent , antennae biramous, natatory, trunk limbs, 10 to 27 pairs, 
of which 0 to 16 are post-genital , furcal rami claw-like , development 
usually with metamorphosis 

Family Limnadiidae Limnadia, Brongniart , E&thei v ia i Ruppel 
(Fig 17), Cyclesthei'w, G 0 Sara Family Limnetidae Limnetis, Lov&i 

Order 4 Oladocera. 

Carapace bivalved, generally enclosing body but leaving head free, 
sometimes reduced and serving only as a brood-sac , paired eyes sessile, 
coalesced , antennae biramous (except in the female Eolopedmm ), natatory ; 
trunk-limbs, 4 to 6 pairs, none of which are post-gemtal , furcal rami 
claw-like , development embryonic, rarely with metamorphosis 

Sub-Order 1 Caltptomera. 

Carapace completely enclosing body and limbs 

Tribe 1 Ctenopoda Six pairs of trunk -limbs all similar and 
foliaceous. 

Family Sididae Sidct, Straus , Latona , Straus , Pernlm^ Dana. 
Family Holopediidae Eolopedium , Zaddaeh 

Tribe 2 Anomopoda Five or bix pairs of trunk-limbs, first two 
pairs more or less prehensile 

Family Daphniidae Daplinm, 0 F Muller (Fig 18) , Moina, 
Baird , Simocephalus , Schodler (Simosa, Norman) Family Bosminidae 
Bosmma, Baird Family Lyncodaphniidae Ilyocryptus , G 0 Sara ; 
Macrothi'ix, Baird Family Lynoeidae. Lynceus , 0 F Muller , 
Ghydorm , Leach, Euryceicius , Baird, Pleuioxus , Baird (Fig 26), 
Mono8pilu8, G 0 Sara. 
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Sub-Order 2 Gymnomera 
C arapace not enclosing body and limbs 

Tribe 1 Onychopoda Four pans ot trunk- limbs, more or loss 
compressed 

Family Polyphemidae Polyphemus , 0 F Muller , Bythotrqilm s, 
Ley dig , Eiadne, Lov4n ; Podon , Lilljeboig 

Tribe 2 Haplopoda Six pairs of trunk-limbs, completely pediform 
Family Leptodoridae. Leptodout , LilljeLorg (Fig 19) 
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THE OSTRACODA 

Sub-Class Ostracoda, Latreillo (1802) 

Order 1. Myodocopa. 

„ 2 Cladocopa. 

,, 3 Podocopa. 

„ 4 Platycopa. 

Definition — Crustacea m which the carapace forms a bivalve 
shell ; the trunk is indistinctly segmented, its posterior part iB 
without limbs and ends in a caudal furca, the antennules and 
antennae are large and used for locomotion , the mandibles have a 
palp , not more than four pairs of limbs are distinctly developed 
behind the mandibles and they vary much m form , the genital 
apertures are behind the last pair of limbs , the paired eyes .are 
sometimes present, development with metamorphosis, the young 
hatched in the form of a modified nauplms 

Histoncal — Although various species of Ostracodn were seen 
and figured by the early microscopists, the scientific study of the 
group may be said to begin with 0 F Mullei’s Entomostmua 
(1785) The bivalve shell caused these animals to be associated 
m most of the earlier systems of classification with tho Cladocera, 
from which they were separated by Milne-Edwarde (1840) Almost 
the first to give an account of the internal anatomy was Zenker, 
The knowledge of their development is based chiefly on the works 
of Claus The systematic and faunistic works of G 0. Sars, Brady, 
and Norman are among the most important , while in recent years 
G W Muller has made noteworthy advances towaids a precise and 
detailed knowledge of morphology and classification 

Morphology. 

The bivalved shell which completely encloses the body and limbs 
(Fig 33) is usually elliptical m outline as seen fiom the side, often 
(Podocopa) somewhat flattened ventrally, but it may be nearly 
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globular or, m some Halocypndae, greatly elongated The two 
valves are probably always more or less unsymmetrical, especially 
ilong the ventral margin On the dorsal side they are connected 
by a hinge-] oint, which may be merely an uncalcified strip of 
the integument (Halocypndae), or may be strengthened by inter- 
locking ridges and teeth The most complex hinges are found 
among the Cythendae The almost globulai shell of Gigantocypns 
is exceptional in that the free edges of the valves occupy only 
about one-third of the circumference 

The outer surface of the valves is seldom quite smooth It 
may be beset with setae or pitted 01 sculptured (Fig 33, C), and 
is sometimes produced into wing-like processes When the shell 
is strongly calcified and opaque more transparent spots may mark 
the position of the eyes (Podocopa, Fig 33, e) The attachment 
of the adductor muscle is usually visible externally as a group of 



a 


Fia 33 

, Latmnl view of shell of A, rhUomcdeB'brnula (Myodoeopn), xfl, U, Cy\n lafn*cat« (Podocopn), 
k 10 , 0, Cyt herein orncita, (Poclocopa), x 39 a, attachment of adductor muscles , c, median 
eye , n, antennal notclu (A after Brady and Norman , B and C after G W Jlilller ) 

spots, the arrangement of which affords characters of systematic 
importance (a) When the edges of the valves are brought 
together they usually fit closely, hut m some cases openings are 
left The most important of these is the “ antennal notch ” found 
m most Myodocopa, and permitting the piotrusion of the antennae 
(Fig 33, A, n) Unicellular glands opening by poies on the 
surface of the shell are frequent m Myodocopa, less so m Podocopa 
The fold which marks off the shell from the body on each side 
does not extend very far towards the dorsal surface, and certain of 
the viscera may extend, as in some Cnnpedia, into the cavity 
between the outer and inner integument of each valve This is 
the case with the hepatic caeca in some Cypndidae (Pontocyprmae), 
and more commonly with the reproductive organs, especially the 
ovaries, which m the Cypndidae are completely and m the 
Cythendae partly lodged in the cavity of the shell-fold. In the 
Cypndimdae a network of blood-channels traverses each valve, 
radiating outwards from the muscle-impression 

The posterior part of the body, which is free within the shell, 
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shows, at most, only indistinct traces of segmentation (Ui/thei diet). 
The terminal part is curved ventially, and ends in a caudal furca, 
In the Myodocopa the furcal rami are flattened triangular plates, 
with short, stout spines or teeth on the hinder margins (Fig 37, It) 
In the Podocopa they are slender or stylifoim, bearing setae, 01 
may be much reduced, as m the Cythendae 



PlO 81 

A, antennnle of Cypi ulinct metlUmanea, $ B, antenm of CovchOorui mngntt, 9 CJ» iintrnnft 
of Cyiherella B&nlula. D, antenna of Durirhiula ttfeveiisont (Aftm G W Mlllhn ) cn, omlopu- 
dJte, ex, exopodlte, according to Mitller’s Intel pretfiti on 

Appendages — The dntennules may function as sensoiy organs, 
or they mny be used for swimming, creeping, or digging m sand, 
md their form and armature of setae or spines are correspondingly 
varied Each ib composed of eight segments in Cypiidma (Fig. 
34, A) and in Pontocyp'is, and this seems to be the typical number 
rom which the others have been derived by reduction In the 
Salocypndae the segments are reduced to two or one Sometimes 
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the antenmiles aro modified in the male sex as organs for clasping 
the female This appears to be the function of certain highly 
peculiar setae provided with sucker-like organs found m the male 
of Ci/pndim 

With very few exceptions the antenna appears to be the chief 
organ of locomotion, whether swimming or creeping. In the 
Myodocopa it is lnramous, and the outer branch is more strongly 
developod than the inner, with eight or nine segments carrying 
natatory setae The inner branch has not more than three 
segments, and is often modified as a clasping organ in the male. 
It is chaiactenstie of the Myodocopa that the single segment of 
the peduncle is greatly expanded and occupied by large muscles 
(Fig 34, B) In Polycope (Cladocopa) the two rami do not differ 
greatly in length In the Podocopa only one ramus of three or 
four segments is well developed, and, according to the view of 
G-. W Muller, it is the mnei ramus, the outer being represented 
by a small piocess tipped with setae or being altogether absent 
(Fig 34, D). In Cytherella (Platycopa) the antenna differs from 
that of all other Ostracoda in having the peduncle divided into 
two segments and bent or geniculate between them (Fig. 34, C) 
The two rami are well developed — the inner, of three segments, 
resembling that of the Podocopa m the disposition of the sensory 
setae The outer ramus has two segments In the Cythendae a 
large seta, bent at the tip, occupies the place of the vestigial outer 
ramus present in the other families of Podocopa It serves as 
duct to a large unicellular gland This was formerly regarded as 
a poison-apparatus, but, according to Muller, it is a spinning organ, 
by means of which the Ostracod covers with a network of fine 
threads the surface on which it is creeping, m order to obtain a 
secure foothold 

The lahmm is usually well developed, and is especially large in 
Cypndimdae, where it contains a group of gland-cells. The lowei 
lip is usually small, and only rarely shows traces of a division into 
paragnatha 

The mandible is characterised by the large size of the palp, 
which is often biramous and is sometimes pediform or variously 
modified The gnathobase may be reduced to a small setose lobe 
(i Uyp'idina ), or to a cui ved serrated process extending into the gullet 
(Astewpe) In Samella it seems to be entirely absent, and the 
strong curved spines with which the tip of the palp is armed 
probably serve for seizing food and passing it into the mouth 
(Fig 35, C). In the other families the gnathobase is usually well 
developed, and armed with Bpines and teeth The palp usually 
consists of four segments, but the number is often reduced In 
the Cypridimdae it is long and pediform, and is used in creepmg 
In Saisiella , a a already noted, it serves for the prehension of food, 
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and in the male of that genua it is apparently a clasping oigan 
In the Halocypudae (Fig 35, B) and Polycopidae (Fig 35, A) 
the first segment of the palp sends inwards a piocess tipped 
with spines, which lies alongside the gnathobaso and assists m 
mastication In Cijtheiella and some other genera the innor suifaco 
of the first and second segments of the palp beais a comb-like series 
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A mniullblo of VdljtcojH! frcqucm. B, lnnndible of Conchoctla lnagna C, nmndlhln of Snr- 
hu lln ft ni *, ? D, mnxillulii of Phtlomedcfi bUcrpunittt B, nia\Illula of J'oliimjwm serruUt I'\ 
nmulluln ot Mown fipi in uhcmiuo. (After G W Milller ) ex, o\opodito 

of long setae The exopodite is repiesented in most Myodocopa 
by a Bmall unsegmented appendage. In the Cypudidae and allied 
families it is a flattened plate with radiating fan-1 ike setae or 
setiform processes, the so-called branchial appendage In Pam- 
doMstoma and some allied geneia the mouth-parts are modified for 
piercing and sucking The mandible is styliform, with a slender 
palp, and is enclosed in a conical beak formed by the labium and 
hypostoma 
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Tho stiucture of the mimllula varies very much in the different 
geneia The most primitive form is probably that found in the 
Cladocopa, whore it consists of a protopodite of two segments, a 
three-segmented endopodite, and a small exopodite of one or two 
segments (Fig 35, E) The segments of the protopodite are 
each pioduced mwaids into a slight masticatory lobe In the 
Halocypudae and most Cypndimdae (Fig 35, D) tho structure 
is similar, save that the exopodite is wanting In most Podocopa 
the masticatory lobes aie greatly produced, and the distal one is 



A, third post-oral appendage (ho uillinl “ second ma\Il la") of Cy\iHOiw mcditerianat (joung), 
B, third poHt-oml appeuduga (Ho-culled “first leg") of Cythctcla cnnrrxa C, third post oral 
appendage (so-called ‘maxllllped '*) of Maomcyirris diieriitm, male D, tho same, female (After 
Q W MUllor ) tut t endopodite , ex, exopodite 

divided into two The three segments of the endopodite may be 
distinct or may fuse into one A large “branchial appendage,” with 
radiating setae, may perhaps repiesent the exopodite (Fig 35, F) 
The thud post-oial limb is of very diverse foim, and has received 
different names m the various genera. Thus m the Cypndimdae 
it has been called the “ second maxilla,” in the Halocypndae and 
Cypndidae the “ maxilliped,” and in the Cythendae and other 
families the “first leg” In the Cypndimdae it is quite maxilli- 
form, and m the adult shows haidly any tiace of segmentation. 
Iu young stages, however, Muller finds that it consists of six 
more or less distinct segments, of which two are assigned to the 
protopodite and the remainder to the endopodite (Fig 36, A) 
A “branchial appendage” ib present and is probably to be legarded 
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as the epipodite In the other families the appendage more leg- 
like The “branchial plate” is commonly piosont, and sometimes 
an unsegmented appendage which is rogauled as the oxnpodite 
In many Cypndidae the limb forms, in the male, a strong clasp- 
ing organ (Fig 36, C), which may be unsymmetncally developed 
on the two sides In Cythnellci it has, in the male, much llio 
same structure as in the Cypndidae, wlnlo in the female it is 
entnely absent Finally, in the Eairdndae and Cythoiidao it. is 
quite pediform (Fig 36, B), with a strong terminal claw, and 
with or without a branchial plate. 

The completely pediform clini actor of this appendage in many 
Ostracoda suggests a doubt as to its homology with the maulla of 
other Crustacea This doubt is further stiongthonod by Muller's 
statement that the limb appears to belong to the thoiacic rathei 
than to the cephalic division of the body More impel Lant still is 
the fact that m the course of development a pause m the siiccessivo 
appearance of the limbs occurs bofore this limb is added to the 
series On these grounds theie seems to bo conbidoiablo pjol la- 
bility in Muller’s view that the maxilla has boon entirely lost in 
the Ostracoda and that the appendage which occupies its place is to 
be regaided as homologous with the fiist thoiacic appendage of 
other Crustacea 

In most Myodocopa the fmtith post-arid limb is a maxillifurm 
lobed plate, distinctly segmented only m Cifpridnut, (Fig 37, A) 
In Sarsiella and Astenope it is lamimu and not lobed In the 
Polycopidae it is absent In the othei families it is more or less 
leg-like (Fig 37, B), with or without a branchial plate In some 
Cytherellidao it forms a clasping organ m the male, while m the 
female it is reduced to the branchial plate 

In the Cytheridae, Bairdiidae, and Darwmulidao the fifth jhuJ-ohiI 
limb is pediform, with a strong terminal claw, and is used for 
creeping In the Cypndidae (Fig 37, D) it appears loss adapted 
for locomotion, and is probably chiefly used as a “cleaning foot” 
for cleaning the other appendages and the inside of the shell. 
This is its only function m the Myodocopa (except Ilaloeypi idac), 
where it has a remarkable stiucturo, being long and cmifonn, 
divided into numerous segments movod by two muscles running 
along its whole length (Fig 37, C). It is sot high up on the side 
of the body, and the terminal pait is armed witli setae and 
chitmous teeth In the Halocypndae the limb is greatly reduced 
and in the Cladocopa it is altogether absent 

A peculiar brush-like appendage found on the side of the body 
in the males of some Ostracods has been rogarded as a vestigial 
sixth post-oral limb. It is found m a few Cypndidae and m Ci/lherella 
behind the last leg, and its position near tho fiist log (third post-oral) 
in the Bandiidae and Cytheridae is explained os the result of a 
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secondary shifting of position A similar organ has been found m 
one species of Cypi idina 

It is not unlikely that at least one pair of limbs is involved m 
the composition of the penes of male Ostracods 

Alimentary System . — The oesophagus is nanow and has muscular 
walls Its upper or posterior end projects into the capacious mid- 
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A, fourth portt-oiiU fipueudugo of Cypridim mcditerranca. B, tha name of Maci'ocypris 
mcclnca. C, fifth post-oral appendage of Cypridina mediUrmnea, D, the some of Macrocypris 
moctnea H, one ramutj of the caudal fiirca of Cypridina agiiamtwa, neon from the side. (After 
1 W MUller) ( 

*ut, and in the Podocopa is armed internally with chitinous ndges 
ind teeth In the Bairdndae this apparatus is most fully developed 
ind forms an efficient “gastric mill,” moved by extrinsic and 
ntnnsic muscles, for the trituration of the food 

The mid-gut in the Podocopa is divided into two parts by a con- 
striction Hepatic caeca may be absent as m Cypidina, numerous 
md small as in Halocypi’is , or large and reduced to a single pair 
vhich may extend into the shell-cavity, as m Cypndidae 
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The short rectum opens on the ventral side of the furca m 
Myodocopa, but on the dorsal side m the Cypndidao and allied 
families 

CuLulatoii) System — A heart is piesent only in the Myodocopa 
(Fig 38, H) It is placed near the doisal suiface just above the 
mandibles, and has one pan of Lateral ostia and an opening in 
front through which the blood is expelled No definite vessels 
exist, but a network of blood-channels is found in the shell of the 
Cypndinidao The blood is colouied red in Knthc . 

Respuatoi y System — In the majority of Ostiacoda the respiratoi y 
function is piobably discharged by the general suiface of the body 
and limbs and by the inner surface of the shell The so-called 
“branchial appendages” found on the vaiious limbs serve to 
keep up a current of water within the shell Only in the genus 
Asteinpe, and less distinctly in one or two species of Cypidvna , juo 
definite branchiae found These are lamelkir appendages attached 
to the dorsal suiface of the posterior part of the body Seven 
pans are present in Ast&opc 

Excutoiy System — Little is known regarding the excretory 
system of the Ostracoda. “Segmental” oigans in the form of 
small sacs lying at the bases of the ambulatory legs are described 
m Paradoxostoma and Ecmdia It is doubtful whether they open to 
the exterior. In Gyp is a gland lying in the labrum and opening 
on the first segment of the antenna and a second gland opening on 
the basal segment of the thu’d post-oral appendage (maxilla ?) have 
been described 

Glands — As already stated, dermal glands are frequently found 
in the valves of the shell In some Cypndinidao their secretion 
serves to agglutinate the sand in which those animals burrow, and 
in some cases to form definite tubular dwellings In the Halo- 
cypudae the glands are most numerous near the edge of the 
anterior part of the shell, and it is stated that their mucns-liko 
secretion serves to entangle food-particles and is then swallowed 
Specially large glands opening near the margins of the valves 
anteriorly are found also m some other Ostracoda, and, from theii 
position, suggest a comparison with the “fionto-lateral glands” 
similarly situated m the “ Cypns-larva ” of Cimpedes Glands ni» 
sometimes found in the labrum (Cypndinidao and Cypndidao), and 
are believed, m Pyiocypns, to produce a luminous secretion The 
spinning-glands of Cythendae have already been mentioned. 

Muscidature — The adductor muscle (Fig 38, S M) nins between 
the valves of the shell on the ventral side of the alimentary canal. 
In some Ostracoda, especially in Cypndidao, a tendinous plate is 
found below the anterior part of the alimentary canal, serving for the 
attachment of the mandibular and maxillary muscles It is worthy 
of note that the adductor muscle does not share in its formation 
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Nervous System — The supraoesophageal ganglion is largest m 
Cypndmidae in correlation with the presence of paired eyes in 
j family The ventral nerve-cham is represented by a single 



Fig US 

llpihlim ineihtcrranca Female (above) and male (bplovs) One ^nhe of 'diell remo\etl to 
r npiwndugas and Internal orguns A ", antenna (the antennule is just abo\e) , t' (below), 
li post-oral limb, F (above), II ftli post -oral limn, Fit, caudal furca , G, brain , if, heart , 
nid-gnt , Mdf> mnndlbular palp , J/r, maxlllula , Jfjr", third post-oral limb (mnvilla) , 0, 
•cl eye , O ' , median eye , P, penis , S if, adductor muscle of shell , frontal tentacle 7 , 
s (From Claus's Textbook ) 
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undivided mass in the Cypndidae, but in the Myodocopa it may be 
more or less completely divided into two 01 thiee (Halocypridae) 
ganglionic masses 

Sense-0) guns — Paired compound oyos aic piosont only m the 
Myodocopa (excluding Halocypudae), wheie they project slightly 
from the surface of the head within the shell (Fig 38, 0 ) The 
number of ommatidia in each vanes from fom m Sa) Stella to about 
fifty in some species of Astoope The ciysfcalhno body m each is 
bipartite, and the rhabdom is longitudinally libbed There are no 
facets oi euticular lenses on the overlying cuticlo, nor “eye-spots” 
on the shell In Philomedes the eyes, though woll developed in 
the male, are ludimentary m the female 

The nauplius eye is present in the majority of the Ostrncods 
(Fig 38, O'), and consists of the usual thieo pigment-cups contain- 
ing each fiom 3 to about 100 retinal xods In some Podocopa 
the three parts are widely separated from each othoi A uni- 
cellular lens, or “crystalline body,” is found in many Podocopa 
(Fig 12, p IS), and transparent “eye-spots” on the shell aie 
common In the Myodocopa the nauphus-oye lies at the base of 
a rod-like median piocess fiom the front of tho head, the “frontal 
tentacle” (Fig 38, Stz) Sometimes (Halocypudae) the distal 
portion of this tentacle is segmented off and is known nB tho 
“ capitulum ” 

Olfactory filaments are present, commonly m groater numbers m 
the male than in the female, on antennules and antennae, and also 
on the “ brush-like appendage ” 

Reproductive Sijstem Female — The ovaries aie paired, and are 
generally lodged in the posterior part of tho body In the 
Cypndidae, and paitly in the Cythendae, they lie in tho cavities 
of the shell-valves. The oviducts usually open sopaiately bohind 
the last pair of legs In the Halocypudae the two oviducts unite 
shortly after leaving the ovanes, and tho unpaired opening is 
situated on the left side just in fiont of the caudal furca A 
receptaculum seminis , paired except in tho Ilolocypridao, is always 
present As a mle, it opens to tho exterioi by a special copulatory 
poie, and communicates internally with tho oviduct, but somotimos 
only the external opening appears to be present, whilo in the 
Cypndidae the opening into the oviduct sorves both for entrance 
and exit. 

Male — The testes are simple in the Myodocopa (Fig 3S, T), 
foui-lobed m most of the other families In the Cypridimdao 
the two vasa defer) entut unite to open by a single median pore 
lying between the paired penes, which m this family alone are 
not traversed by the ducts (Fig 38, P) In the Ilalocypridae the 
penis is unpaiied and lies to the right of the middle line The 
vasa deferentia unite just before entering it In the other families 
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the vasa deferentia aie probably always united by a transverse 
duct shortly after leaving the testes They are often of great 
length and are coiled 111 a very complex fashion, differing in the 
different groups The distal part forms a clicdus ejaculatonns of 
complicated structure, with muscular walls The paired penes are 
traversed by the vasa deferentia, the teimmal portion forming a 
protrusible copulatory tube, and the penis is often armed with 
chitinous hooks moved by special muscles 

The spermatozoa aie sometimes spherical (Asteiqw), more 
commonly filiform In the Cypndidae they are of a size -which 
relatively, if not absolutely, is unique 111 the animal kingdom In 
Pontocypis monstiosa the total length of the ammal is 6 mm , while 
the spermatozoa are 5 0-7 0 mm long 

Development 

The eggs are earned within the valves of the shell dorsally to 
the body of the ammal in the Cypndinidae, Cytherellidae, some 
Cythendae, and in the freshwater genus Danmnula , and 111 a 
few cases the young are carried for some time after hatching In 
Other cases the eggs are deposited on water-plants or shed free 
in the water The course of development is best known in the 
Cypndidae On hatching, the larva is already enclosed within a 
bivalve shell, but otherwise corresponds in structure to a nauplius 
(Fig 39) Three pairs of appendages are present, antennules, 
antennae, and mandibles, the last 
two, however, not distinctly biramous 
In the Cythendae the mandible at 
this stage is rudimentary The 
remaining limbs are added at suc- 
cessive moults 111 regular order from 
befoie backwards According to 
Muller, it is not the case that, as 
stated by Claus, the fourth post-01 al 
limbs appeal befoie the tlmd. There 
is, however, a marked pause m the 
development before the appeal ance antenna . aJ, Eductor muscle of _cam- 

* _ , rr , - pace , c , nauplniH eye , vul, mandible. 

of the third post-oral pair, and this, (After cinua ) 
as already pointed out, supports the 

view that a pair of appendages corresponding to the maxillae of 
othei Crustacea is missing 

Remarks on Habits, etc 

The Ostracoda are abundant both in fresh waters and in the 
sea, generally burrowing in mud or creeping among weeds The 
manne Halocypndae belong to the plankton None are definitely 
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known to be parasitic, but one species found in the gill-chamboi s of 
Crayfish in North America may be so The majority aie minute, 
very many not exceeding 0 5 mm m length Tho Myodocopa aie 
usually largei than the Podocopa, many being 1 oi 2 mm long 
The largest known Ostracod, a species of Ghganlocypub, is 23 mm. 
in length 

Palaeontology 

Fossil Ostiacoda are abundant in all goologie.il formations from 
the oldest to the most lecent, but, with h.udly an exception, only 
the shell is preserved and the affinities of the numerous goneia 
which have been established remain quite uncertain Most of the 
Ostracoda from Cnmbnan locks belong to the gcnoia Enmitur, 
Jones, and Lcpmditia , Roualt, while llripichia, M‘Coy, is common 
in tho Siluiian Species referred to tho lecent gonus CtJTiuhnu 
occur m the Carboniferous, and Ci/thac and othei locont geneia are 
stated to make then appearance in the Penman 

Affinities and Classification 

In the bivalved foim of the shell, tho vontially flexed postenoi 
part of the body, the foim of tho caudal fuica (m the Myodocopa), 
and the biramous natatoiy antennae (especially of the Cladocopa 
and Platycopa), the Ostracoda piesent impoitant losemblances to 
the Conchostraea and Cladocera among tho Branchiopodn There 
might, indeed, be little difficulty m rogardmg them as donved fiom 
the Conchostiaca, weie it not foi the piesonco of tho mandibulai 
palp, which is absent from the Branchiopodn Tho possession of 
this appendage and its bnamous foim in many cases point to 
the ongin of the Ostracoda as an independent branch of tho 
primitive Crustacean stock Theio appears to bo no leason, 
however, to suggest, as Claus has done, that tho small nuinboi of 
appendages is a primitivo chai actor 

In the possession of panod eyes and a hoait, tho Cypridimdae 
are more primitive than tho othei Ostiacoda, although in tho form 
of the antennae and in some other points they are piobably moio 
specialised than the Cladocopa and Platycopa. 

The classification given below is that of 8ars, as modified by 
Brady and Nonnan In the moio lecent anangemont of C W 
Muller the Cladocopa aie included in the Myodocopa and tho 
Platycopa m the Podocopa, and the number of families is considerably 
induced 

Sub-Class Ostkagoda 
Order 1 . Myodocopa. 

Shell generally with antennal notch , antennae with massive basal 
segment, generally biramous, exopodite generally with eight or nine 
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egments, endopodite minute and generally prehensile in male , five pans 
.f poBt-oral limbs , caudal fnrca with lamellar rami armed with spines 

Family Halocypridae (Conohoeciidae) Halocyp'is , Dana , 

lonchoecia, Dana Family Asteropidae Astetope, Philippi ( = Cyhndio- 
ebem, Brady) Family Cypridinidae Gypndina , H Milne-Ed wards , 
°hilomede&, Lilljeborg (Fig 33, A) , Pyiocyprw, G W Muller, Giganto- 
ypris, G, W Muller Family Rutidermatidae Uuticleimci, Brady and 
Sforinan Family Sarsiellidae >S lamella, Norman 

Order 2 Cladocopa. 

Shell without antennal notch , antennae biramous, both rami well 
leveloped and natatory , only three pairs of post-oral limbs , other 
characters as m Myodocopa. 

Family Polycopidae Polycope, G 0 Sara , Polycopm , G W 
Muller 

Order 3 Podocopa 

Shell without antennal notch , antennae with basal segment not 
enlarged, one ramus (exopodite, Muller) vestigial or absent, the other of 
not more than four segments , five pairs of post-oral limbs , caudal furca 
with styliform or vestigial rami 

Family Paradoxoslomatidae Paracloj ostonm , Fischer Family 
Cytheridae Cy thet e, 0 F Muller, Cythereis, G 0 Sara (Fig 33, 
C) , Knthc , Brady Family Darwinulidae Datwimila, Brady and 
Robertson Family Bairditdae Bait dm, M‘Cov Family Cyprididae 
Cypt 0 F Muller (Fig 33, B) , Pontocypri s, G O Sais Family 
Cypridopsidae Cypi'idopsis, Brady 

Order 4 Platycopa. 

Autennae biramous, protopodite of two segments, endopodite of three, 
and e\opodite of two segments , only four pairs of post-oral limbs , other 
characters as in Podocopa 

Family Cytherellidae Cythetella , Bosquet 
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THE COPEPODA 

Sub-Class Copepoda, H Milne-Edwards (1830) 

Order 1 Eucopepoda 
Sub-Order 1 Gymnoplea 

Tribe 1 Amphaskandria. 

„ 2 Heterarthrandna 

Sub-Order 2 Podoplea. 

Tribe 1 Isokeiandria. 

„ 2 Ampharthrandria 

Older 2. Branchiura. 

Definition — Crustacea m which there is no distinct shell-fold, 
though the dorsal shield of the cephalon may be enlarged by the 
coalescence of one or more of the trunk-somites , there are typically 
nine free trunk-somites (besides the telson), the last four without 
appendages, the telson beais a caudal furca , the antennules and 
antennae are generally laige, the latter sometimes biramous, 
and both may be used for locomotion or for prehension, the 
mandibles may have a palp, sometimes biramous, there are 
typically bix pairs of trunk -limbs, the last five biramous and 
natatory, but the sixth pair are frequently reduced oi absent , the 
genital apertuies aie on the seventh trunk -somite (except in 
Branchiura) , the paired eyes are absent (except in Branchiuia) , 
development with metamorphosis, the young generally hatched in 
nauplius stage (Most of these characters are subject to modifica- 
tion m parasitic foims ) 

Histoi'ical — The lelatively large size attained by Borne of the 
parasitic Copepoda renders it probable that they were the first to 
attract attention, and it is possible, though not certain, that they 
are referred to in certain passages of Aristotle The minute free- 
living forms remained unnoticed till some of the microscopists of 
the seventeenth century — notably Leeuwenhoek — described and 
figured the common freshwater Cyclops It was long, however, 
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before the affinity of the two groups was recognised Linnaeus 
included some free-living Copepods in his genus Mmocvlus , among 
the Crustacea, but some of the paiasites were placed under “ Veimes 
mollusca” in the genus Lemam , and otheis among the “Zoophyta” 
in the genus Penmtulu 0 F JVJullei’s great work on the 
“Entomostiaca ” marks the beginning of ri now epoch in the study 
of the gtoup The genera Cyclops, Calajus , and Aujulus were 
established by Muller, bosidos two others based on laival stages, 
one of which, the Nauphus , still beais the name given to it by 
Muller Junne’s Histone dcs Monocles (1820) is noteworthy, 
among much else, for the description of the laival metamoipliosis 
of Cyclops , the earliei stages of which had been soon long bcfoie by 
Leeuwenhoek and de Geer Although an affinity botwoen the 
highly modified Lernaeidae and the less -specialised parasites like 
Cahgus was suggested, moie or less definitely, by Oken, Lamaick, 
and otheis, it was not until von Noidmann’s researches (1832) 
threw light on their development that the Lemaoidao and thoir 
allies were definitely accepted as Ciustacea In most systems of 
classification, howevei, the paiasites were more oi less widely 
separated from the fieo-hving foims, and by Milne-Ed wards they 
were even placed alongside of the Pycnogomda m a difteient sub- 
class Milne-Edwaids intioduced the name Copopoda foi the 
free-living forms alone Zenkei, in 1854, seems to have been the 
first to associate together freo-livmg and paiasitic forms undor the 
name Entomostraca Modem conceptions of the moiphology and 
classification of the Copepoda aie largely based upon the long senes 
of highly important memoirs (1857-1895) by C. Claus. Among 
faumstic workers, J D Dana, H Kioyei, Stoonstiup and Lutken, 
van Beneden, and Brady, may bo specially mentioned In moie 
recent yeais, W Giesbiecht, in his splendid monogiaph of the 
pelagic Copepoda and other important woiks, has givon a new 
aspect to the problem of classification, by showing that the 
parasitic habit has been acquued not once lint many times in the 
evolution of the gioup, and that the lino of division, maintained 
even in Claus’s classification, between free -living and parasitic 
forms must he abandoned. Hansen’s fine monogiaph of the 
Chomostomatidae has laised that family, pioviously obscure, to the 
position of one of the best known among the paiasitic groups 
Finally, G 0 Sars’s work on tho Copepoda of Norway, now in 
course of publication, is especially important as regards tho bottom- 
living manne forms, which in lecont years have been loss studied 
than the more easily collected pelagic species The small group of 
the Branchiura, associated by the older authors with the parasitic 
Copepoda, T\ere removed by Zenker to the Branchiopoda Claus 
restoied them to the Copepoda, and his arrangement is followed 
here, but m view of the important differences which separate them 
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from the Eucopepoda, it will be more convenient to deal separately 
with the morphology of the two groups 


Morthologv of Eucopepoda 


Apart fiom the parasitic forms, which exhibit an endless 
variety of modifications, the Eucopepoda present a consideiable 
uniformity in general shape The body is divided into two 
legions, of which the anterior is sub -cylindrical or flattened, 
and is more or less sharply marked off from the postenoi 
legion, which is usually much narrower and teiminates in a well- 
marked caudal furca There are typically ten free segments (in- 
cluding the telson) behind the head, and the limit between the two 
regions is marked by a very movable articulation which falls either 
between the fifth and sixth of these (Gymnoplea) or between the 
fourth and fifth (Podoplea) (Fig 40). Giesbrecbt has suggested 
that the limit between these 
legions is really in the same 
position m both cases, that the 
fifth thoracic somite of the 
Gymnoplea is unrepresented m 
the Podoplea, and that the 
so-called fifth thoracic somite 
of the last-named group is a 
“pre-genital” somite which is 
suppressed in the Gymnoplea 
The evidence in favour of this 
view, however, is very slight 
The head - 1 egion is usually 
stated to include, in addition to 
the primitive cephalic somites, 
that corresponding to the 
maxillip'eds or first post- 
maxillary appendages It 
appeals, however, that in some 
larvae the line of articulation 
defining the first free somite 


i- ---#■ 
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Seymmitntlon of tlie body in Gjmnoplen find 
Podoplsa A, outliiip of tho body ol female 
lahinitB (Gymnopleii), doi-sal view B, abdomen 
of male Culavitti C, outline of female CfivJojin 
- (Podoplea) 11, ill, U, second, third, and Hl*tU 

runs in front of the maxillipeds, thoracic somites (common! > reckoned as fli-ht, 
. , ,, second, and llfth i oepecth ely) , 1+2, flrut and 

aild it IS possible that the HBLond abdominal somites, coalesced In tbetemale 

somite bearing theseappondages 

should be regarded as coalesced between tlio anteilor and posterioi divisions of 
. _ ° _ _ , . the body 

not with the head-region but 

with the following somite The next five somites bear swimmmg- 
feet, and constitute what is commonly called the thoracic region 
It seems advisable, however, to extend the meaning of the term 
thorax to include also the somite of the maxillipeds The remaining 
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four somites with the telson constitute the abdomen, and are limb- 
less, with the possible exception of the fiist or genital somite, which 
bears, m both sexes, the external openings of tho genital organs, 
and may have what are sometimes rogauled as the vostiges of a 
pair of appendages 

In the majority of cases the number of free somites is reduced 
by coalescence Very often the second (commonly reckoned as 
the first) thoracic somite, beanng the first pair of swimming-feet, is 
fused with the head, and not infrequently (in tho Gymnoplea) the 


ii 
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A, Ciilaniisfinmai'chicn*, famnle, from the side, x In, 13, null mm , nmxlllti I), nm\IllijiH 
ii mid vi, second and si'tlli thoracic somites , 1+2, first uml him oik I iilHlninlmil nuiiiltr'H cohIphujiI , 
a’, antennule , cn, endoportlte , cv, exopoillte , /, caudal iiirui (ATtoi Sura ) 

last two thoracic somites fuse together. The abdominal sonntos 
are usually all distinct in the male sex (Fig 40, B), but m tho 
female this is rarely the case, the first two being generally fused 
(Figs 40 and 41, A), and the number may be still further reduced. 

While there is no distinct shell-fold, the head-region usually 
possesses more or less well-developed pleural folds, which may bo 
directed downwards or even inwards so as partially to enclose the 
bases of the limbs These pleural folds are repeated on tho free 
thoracic somites, but are as a rule absent on the abdomen An- 
teriorly the tergal plate of the head-region is often produced into 
a rostral process which may be a flattened plate, movably articu- 
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lated with the head in some Harpacticidao, and vuHomblmg 
rostral plate of the Leptostraca More usually tliu lustrum ih 
bent down under the head and is often foikod A very roniiiik- 
able modification of the roBtrum found in sonic Pontolhduo is 
mentioned below in connection with the eye 

The two rami of the caudal fun a nie usually mnv.'ibly 
articulated with the telson or teinnnal segmont Tlnm Helm* 
are very constant in number and position, and nllord valuable 
systematic characters In some pelagic forms those setae attain 
an exaggerated development (Fig 42), while m some commensal or 
parasitic foims they become conveited into hook-hko organs of 
adhesion ( Do'iopiiqvs ) Between the fuical mmi and somewhat on 
the doisal side is the anal aperture, covered by a small Hupra-nn.il 



plate which may represent the post-anal region of the tolson in the 
Branchiopod Lcpidiu us and the Malacostraca 

A modification of the thoiacic region which may be mentioned 
here is the development m several Ascidicolidao of a dorsal luood- 
poncli formed by a fold of the integument arising sometimes fiom 
the fouith, sometimes from the second free thoiacic somite. 

The modifications which the form of the body undergoes m 
parasitic Eucopepoda consist m the coalescence of somites leading 
ultimately to the disappearance of segmentation, and m tlio develop- 
ment of lobes and processes from the various regions of the body 
The free edges of the thoracic somites may be produced into 
lamellar appendages, or wing-like lobes may be developed on the 
dorsal surface (Notopterophmis) 

Appendages — The antennules are always uniramous, and in many 
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of the free-living Eucopepoda they assist m swimming They are 
further modified in many cases, m the male sex, to act as prehensile 
organs for seizing the female They are most fully developed in 
the Gy mnoplea, wheie they may exceed the body m length and 
may consist of twenty-five segments (Fig 41, A, a) Throughout 
the Gymnoplea and also in the Cyclopidae and Asterochendac, 
where the numbei of segments is less, Glaus and Giesbiecht have 
demonstrated then homology with those of the twenty -five- 
segmented foim As an example we may give GiCHbiecht’s com- 
parison of the segmentation of the antenuulcs in a specios of 
Cyclops , with the typical anangement as found in many Gymnoplea 


Gymnoplea 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 1G, 17, 18, 19, 20, 21, 22, 23, 24, 25 
Cyclops 6 ' 1, T 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13,"~14, 16, 17 

Cyclops 9 1, 2, 3, 4, 5, 6, 7, 8, 9,^11,12^3^71,15,10, 17 


In the Harpacticidae and other families with a l educed number 
of segments the homology has not been demonstiatcd, but tliero 
can be little doubt that the twenty-five segments of the Gymnoplea 
represent the typical and primitive anangement from which the 
others have been derived. In the parasitic forms the antenuules 
aie usually greatly reduced In the Caligidae the basal portions 
of the antennules become coalesced with the front of the head, form- 
ing a bilobed prominence. In some genera this boais, on either 
side, a sucker which serves to attach the parasite to its host Ex- 
cept in this mstance, however, the antennules do not become con- 
verted into oigans of attachment as the antennae frequently do 
Inmost, perhaps m all cases, the antennule, as m othei Ciustacea, 
beais sensory setae of the type to which Giesbrecht has given the 
name “aestlietascs,” and these are commonly more numerous in the 
male sex In some cases each antennule beais only a single 
aestlietasc, which may then be of relatively great size 

In those Eucopepoda in which the antennule of the male is 
transformed into a clasping oigan for seizing the female, the distal 
is flexed upon the proximal portion (Fig. 43, A) It is probable 
that the point at which this flexion takes place is the same in all 
cases, coi responding to the articulation between the eighteenth 
and nineteenth of the primitive senes of segments The proximal 
portion of the appendage becomes more or less swollen, owing to 
the strong development of flexor and extensor muscles of this joint, 
and the opposed edges are often armed with teeth or spines In 
those Gymnoplea in which this clasping apparatus is developed, 
only one, generally the light, antennule is modified (Heterarth- 
randria) In the Podoplea, on the other hand, the modification, 
when present, is bilateral The occurrence of this modification of 
the male antennules in many families of Eucopepoda which, in any 
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scheme of classification, are widely separate from each other, and 
especially the fact that the geniculation occurs m the same place 
m some, piobably in all cases, suggests that this character is a 
primitive one for the whole group, and that its absence is a 
secondary modification. This view is supported by the interesting 
fact observed by Claus, that in some G-ymnoplea Amphaskandria 
a trace of this modification persists m the coalescence of the 
twentieth and twenty-first segments of the antennule m the male, 




no 43 

A, Lliisiihitf iintHmiili'ofiiiulo f i nfmjmfjin ti/piai* (U5 mnoplea, Hetorartlirnndriu) , *, position 
oT tint hlngu )oi lit 13, liiHt l«ili or tlioniclc limbs of the snnuj rn, cndopodites , (x, exopod Ite^, 
tlmt ot the right tildo modlllcd im a chelatfl giiwplug orgun Soth ) 


and that in some cases this coalescence only appears m the antennule 
of one side as in the allied Heterarthrandna 

The antennae , like the antennules, preserve m many Euco- 
pepoda the geneial structure and the natatory function which 
they have in the nauplius They are most fully developed 
m the Gymnoplea, where they consist of a protopodite of 
two segments, an endopodite, of two segments, and a multi- 
articulate exopodite, and bear numerous long natatory setae (Fig 
41, B) In the Podoplea the natatory function is less well maiked, 
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being usually superseded by that of clinging oigans In the 
Harpacticidae and Asterocheridae the exopodite is retained, though 
often reduced to a single segment In the other families it dis- 
appears altogether The endopodite never consists of moie than 
two segments, so that in the absence of the exopodite tho 
appendage is usually composed of four segments In the parasitic 
families the antennae generally form oigans for attachment to 
the host, provided with a strong curved claw and, in some cases, 
even with a chelate termination 

The labmm and metastoma are very variously modified, especi- 
ally in the parasitic forms, and will be described below in connec- 
tion with the other mouth-parts In the free-living foims tho 
metastoma may either form a simple ridge 01 may ho provided 
with a pair of movable lateral lappets 

The mandibles are especially interesting fiom the fact that iS l 
many Eucopepoda (especially the Gymnoplea) they retain moio 
completely than in any other Crustacea the form of biramous 
swimming-limbs which they possess in the nauplius The body o± 
the mandible is formed by the proximal segment, and the remamdei 
of the piotopodite, together with the endopodite and exopodite, 
forms the “palp” (Fig 8, A, p 12) Hansen has pointed out tho 
existence in some Gymnoplea of a minute intermediate segment 
between the body of the mandible and the large segment which 
hears the endopodite and exopodite It would seem, therefore, 
that the body of the mandible in the Eucopepoda, and no doubt 
also in other Crustacea, represents the piecoxal segment of the 
limb The endopodite, as in the case of the an tommies, consists 
of, at most, two segments, while the exopodite may consist of 
five oi six. The cutting edge in most free-living forma is armed 
with teeth and setae 

The type of mandible ]ust described is universal among tho 
Gymnoplea and is found in some Harpacticidae and Ascidicohdae 
More usually, however, among the Podoplea the palp is 1 educed, 
as in Cyclops , to a papilla bearing a tuft of setae, or is altogether 
absent The form of the cutting edge is variously modified, especi- 
ally in the parasitic and BennpaiaBitic forms In many of these tho 
mandibles have a sickle-shaped blade, with the point dnected into 
the cavity of the mouth, but in those forms which have completely 
suctorial mouth-parts (formerly grouped together as Siphonostomata) 
the mandibles become simple piercing stylets, and are enclosed 
within a conical or tubular “siphon” formed by the upper and 
lower lips In some cases the siphon may be as long as the body 
(Acontiopkonis) (Fig 44, A) The structuie of this siphon is not 
in all cases the same, though it does not seem to be t]ie case, as 
has been stated, that it is ever formed from the labmm alone 

The maxillulae (commonly called the maxillae) are most com- 
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pletely developed in the Gymnoplea and some Harpacticidae, m 
which endopodite, exopodite, and epipodite are distinct, and the 
protopodito is produced internally into a large masticatory lobe and 


two smaller distal lobes (Fig 9, 
A, p 13) In the Oyclopidae 
the epipodite has vanished, the 
exopodite and endopodite are 
very small, and only the large 
masticatory process of the proto- 
podite peisists In many Har- 
pacticidae and in the other 
families the maxillula undergoes 
various degrees of reduction 
The two pairs of appendages 
succeeding the maxillulae are 
commonly designated the outer 
(or anterior) and inner (or 
posterior) maxillipeds, and were 
for long considered to represent 
the separated rami of a single 
pair of appendages This m- 
teipretation was put forward 
by Claus, who found that, in 
the metanauplius stage of 
Cyclops and other forms, the 
two appeared to arise from a 
single rudiment Hansen, how- 
ever, has discovered, and the 
observation has been confirmed 
by Giesbrecht and by Claus 
himself, that in the larvae of 
certain marine Gymnoplea 
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A, AoontlophoriiH scututus , from the Mila, 
x 60 Mont of the appendages aie omitted 

suctorial alplion , m, the liullmentarv sixth 
pair ol tlioiHLic limbs, 1 + J, the couleaced first 
ami aetond abdominal somites , 4+6, the fourth 
abdominal somite coalesced with the telson 
(After Glesbi edit ) H, Ian a of Jtlihioalanus 
nuHutus in last metnnaupliiH stage The outline 
ot the body ns seen fl-om abo\e The first three 
pairs of appendages aie omitted, but the rudi- 
ments ot the posterior apptnilagps ure seen by 
transparency through the bods mx", maxillae , 
mxp, nmxilliiieds, aoparatwl hom the maxillae 
by the lino deilnlng the llrst thoracic somite , 
f t f', first and second palis ot swimming-feet 
(Aftci Glosbreclit) 


( EucalanuSj Rhmcalanus , Pontclla , etc ) in which the body is more 


elongated than usual, the rudiments of the two appendages are not 


only quite distinct, but are separated from each other by the suture 


line which marks off fiom the head the so-called first thoracic 


somite (Fig 44, B) The “outer (or anterior) maxillqieds ” aie 
therefore the maxillae, while the inner (01 posterioi ) pair, for which 
the name maxillipeds may he retained, must be regarded as the 
first of the thoracic senes, and the somite corresponding to them 
is, at least in some cases, coalesced 'with that which bears the first 
pair of swimmmg-feet The maxilla m its most fully developed 
form consists of a flattened and shortened axis of, at most, eight 
segments, of which the first and second each bear two, and the 
third a single endite (Fig 41, C) In the Gymnoplea this appendage 
is beset with plumose setae, which act as a net in collecting food- 
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particles In the Podoplea the setae are geneially much reduced, 
and stout spines aie developed on the endites In many cases, 
especially in parasites, the aimatuie is roduced to a single teinunal 
claw-like spine and the limb is exclusively a clinguig oigan 

In the parasitic family Lemaeopodidae, a veiy lemarLiblo 
apparatus of attachment is foimed by two appendages which unite 
to form a sucker-like organ of complicated structuie (Fig 45, LJ) 
In some cases, when the appendages are shoit, they coalesce com- 
pletely to the base, but in other cases they have the form of 



Tia 45 

tohthm •? jwnwunn (Leniaeopodldap) A, lnivu in flrnt Copcpodid Ntugu, doisnl vlnw It, 
mlult tflin/ih , vc ntml now, x mi tenmiln , a", antnmm , <i ///, tmuniit gland opuulng mti r 

oviduct, c, median cvh, /icnndtd Fnren , /pZ, tiontal cmm nt gland , vn J, t nm\lllii , mtji, nm\ll- 
llppd , f», opening ot oviduct oul, oviduct dlhtcndud with cggH , m/j, opunhigH ol Hpoiiiiutlu'uif 
(Attor ClrnLH, Hllghtly modilled ) 

long aims, united only at the tip These appendages have been 
regarded sometimes as the “first maxillipeds ” (maxillae) and 
sometimes as the “second maxillipeds” (hero called maxillipeds) 
The fact that a pair of glandjs, identified as the maxillaiy 
(excretory) glands, open at then base, seems to show that the 
former intei pretation is the correct one An apical coalescence 
of paned appendages is not known to occur m any othei 
Arthropods. 

The ma.ullvpcd (first thoracic limb) is always nniramous, and is 
generally more elongated than the maxilla (Fig 41, D) It consists 
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of, lit most, seven (perhaps eight) segments, but the number is 
often much reduced, and, as m the cask of the maxilla, the limb 
is commonly modified into a clinging organ with a strong terminal 
claw, 01 , as in a section of the Harpacticidae, into a subchelate, 
prehensile 11 hand ” 

The five following pairs of appendages (the thoracic limbs of 
the ordinary terminology, the second to the sixth of the system 
here adopted) are in some Gymnoplea all similar and in the form 
of biramous swimming-legs This form is retained by some, at 
least, of these limbs m all Copepoda in the later larval if not m the 
adult stage, and constitutes one of the most general characters of 
the sub-class 

Each consists typically of a broad and flattened protopodite of 
two segments, and of an endopodite and exopodite, each with, at 
most, three segments, flattened, and bearing marginal natatory setae 
together with, on the outei edges, strong spmeB (Fig 3, B, p 8) 
The proximal segments of the protopodites of each pair are con- 
nected with each other across the middle line by a plate formed 
by a tiansveise fold of the sternal integument (the “ Baucli wirbel” 
of Zenker), so that in the backward and forward movement m 
swimming the two appendages move as one 

The last (sixth) pair of thoracic limbs aie similar to the preceding 
pairs only in the females of some genera of Gymnoplea In the 
male sex of that older they are always modified into copulatory 
organs, often very complex, by means of which the spermatophores 
are affixed to the copulatory aperture of the female This modifica- 
tion is asymmetrical on the two sides in correlation with the 
asymmetrical development of the internal generative organs in 
the group (Fig 43, B) In the females of many Gymnoplea the 
appendages exhibit every stage of reduction even to complete dis- 
appearance In the Podoplea the appendages are always present 
(Fig 44, A, vi ), except in the more degraded parasites, always 
vestigial, consisting of one or two small segments, and are not 
specially modified in the mole In some Harpacticidae and Ascidi- 
colidae, however, they become enlarged in the female sex into 
plate-like appendages serving to protect the egg-masses It is 
noteworthy that these vestigial limbs of the last pair may persist 
even in cases where the preceding pair of limbs is suppressed 

In the Podoplea (but not in Gymnoplea) the genital apertures 
of the female ou the first abdominal somite are guarded by valvular 
plates moved by muscles These valves have been supposed to 
represent a vestigial pair of appendages 

In the parasitic forms, with the loss of the power of locomotion, 
the thoracic limbs become more or less reduced In Leinaeoceia, 
For example, they persist as microscopic though completely formed 
limbs set at long intervals along the length of the unsegmented 

6 
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body In the Chondracanthidae the anterior two pans alone are 
developed, and these become enlaiged in the adult into clumsy, 
unsegmented bifid lobes In other cases the thoracic limbs are 
reduced to minute, unsegmented processes, or some 01 all of them 
may disappear. In a few cases the adult is entirely without 
appendages, as in the Herpyllobudae 

Alimentary System — The alimentary canal is m many cases of 
simple form, not divided into sharply defined legions and without 
diverticula The stomodaeum and proctodaeum are slioit In 
many Gymnoplea thete is a short median divorticulum anteriorly, 
and m some cases, immediately behind this, a pair of .small Litoral 
(hepatic) caeca which may be bifid (Eucalanus) In some Oory- 
caeidae and Asterocheridae these caeca are laige and much 
branched (Fig 46) Groups of gland-cells described as salivary 

occur in the legion of the 
labrum and epistomo 

The extrinsic nmsclos of 
the alimentary tiact are well 
developed in Eucopepoda 
Ceitam muBclps running 
from the anterioi part of the 
gut to the dorsal and anterior 
region of the body-wall are 
of importance in pioducing a 
lhythmical displacement of 
the whole alimontaiy canal, 
and serving, in the absence 
of a heart, to cause a circu- 
latory movement of the blood. 
In some parasites the dilator 
muscles of the oesophageal 
legion aie gieatly developed 

ArtotToyufi orhinilaim Outturn of body, from u-nrl act n q n, Hiif’tnT'ifil 
above, showing nunillPtl lateral rli\ oitlcula of tlm anU aCli tLS succorilu 

alimentary canal (Aftei GicabrecUt ) apparatus The sllOl’t lGCtlim 

(proctodaeum) is usually pio- 
vided with dilator muscles running outwards to the body-wall 
in addition to the usual constrictors, and the rhythmical movements 
of dilatation and contiaction produced by them have been legarded 
as subservient to a process of anal respiration 

The alimentary canal is usually nearly straight (except for the 
sternal flexure of the oesophageal poition), but in a few Gymnoplea 
and in Cancel ilia (Asterocheridae) its couise is slightly sinuous. 

Circulate) y Syst&m — A heart is present in most Gymnoplea and 
m the genus Misoph'ia among the Podoplea. In all other Cope- 
poda it appears to be wanting When present it has an abbreviated 
saccular form, and is situated in the region of the first oi second 
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free somite There are three ostia, one median on the posterior 
surface and a lateral pair Antenorly the heart gives off an aortic 
vessel, usually very short Only 111 Eucalanus is the aorta described 
as extending into the frontal region of the head and dividing into 
two pairs of lateral vessels 

Li the majority of the free-living Podoplea where the heart is 
ihsent the blood is kept in motion mainly by the continuous 
rhythmical backward and forward movements of the alimentary 
lanal, effected by the extrinsic muscles already mentioned. In 
certain parasitic forms ( 0 aligns, young Achthetes) a heart, or an 
ipparatus having an analogous function, is said to be present, but 
ixact details as to its structure are wanting. 

In Lernanthropus and some other Dichelestndae a closed system 
if vessels is present containing a yellowish or reddish fluid There 
s no heart, and the relation of this system to the circulatory 
ipparatus of other Copepoda is quite obscure 

Excretory System — The maxillary (“shell”) gland is the func- 
lonal excretory organ 111 the adult stage of most, if not all, 
Copepoda It is much larger 111 the freshwater foims, where the 
luct is long and convoluted, than in the marine forms, in which it 
9 often hard to find, and sometimes apparently absent The end 
ac is small, and the tube terminates 111 a short chitm-hned duct 
•pening on the posterior surface of the maxilla 

In the freshwater Harpacticid Eelisanus a curious vibratile 
irgan is found connected with, or m close proximity to, the 
aaxillary gland It has been supposed to be of the nature of 
“flame-cell” but it is more probably a muscular fibre or 
aembrane aiding the circulation of the blood m the neighbour- 
iood of the gland 

Qlands — Unicellular dermal glands are present on the body and 
mbs of most Eucopepoda Certain pelagic forms belonging to 
arious genera of the Centropagidae and Oncaeidae are known to 
e phosphorescent, and Giesbrecht has shown that this is due to 
Bitam of the dermal glands, the secretion of which becomes 
munous on issuing from the apertures of the glands In fresh- 
r ater Cyclopidae and Harpacticidae the secretion of the dermal 
lands envelops the body when the water dries up, and forms a 
rotective case enabling the animal to survive prolonged desiccation 
Nervous System — The ventral nerve-cord is always short, not 
caching beyond the fourth free thoracic somite It is divided 
ito distinct ganglia m the Gymuoplea, bub m the Podoplea, so far 
3 is known, the ganglia aie all coalesced In the Corycaeidae and 
1 the parasitic families the whole system is still more concentrated, 
>rming a thick penoesophageal ring Even m the Gymnoplea the 
istinction between ganglia and commissures is not sharp, nerve- 
ills being present abundantly on the latter as on the former 
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In Cyclops it has been observed that the pair of neivcs to the 
antennae originate fiom the oesophageal connectives, so that 
as regai ds their nerve-supply these appendages are paiastomial 

Sense-Oigans — The paned compound eyes of other Ciustacea 
appear to be nnrepi eaented in the Eucopepoda, although ludiments 
of them were observed by Grobben m the development of Cal anus 
The nauphus-cife , on the other hand, is almost unn ersally piesent 
in the fiee-hvmg Eucopepoda, and even in many of the paiasitie 
forms, and in some cases, especially among the Gymnoplea, lt- 
attains a complexity of stiuctuie not obseivod in any other class 
of Crustacea 

In the simplest and typical foim it consists of tlnoe ocelli, each 
supplied by a separate nerve fiom the brain Tuo of the ocelli are 
dorsal and look upwards and foiwaids, while the thud is ventral, 
looking downwards Each consists of a cup-shaped mass of pigment, 
containing in its cavity a nunibei (up to ten) of retinal cells con- 
tinuous at their distal ends with the nerve-fibios, and having (at 
least in some cases) a rhabdome near the proximal end In the 
genus Anomalocem (Pontellidae) and in some Asterocliendae the 
number of ocelli is mci eased to five, those of the dorsal pail being 
doubled. 

In some Eucopepoda the eye is movable by means of special 
muscles These are wanting, however, in many cases ( Cyclops ) 

In some cases the visual apparatus is perfected by the addition 
of a pair of corneal lenses formed by thickening of the cuticlo 
over the dorsal pair of ocelli These may be inconspicuous as m 
Cyclops , or laige and well-defined as in Miiacia (Harpacticidae) It 
is, howevei, in the two widely sopaiate families of Pontellidae and 
Corycaeidae that the structure of the visual appaiatuB roadies 
its highest degree of complication In the fonnei the dorsal ocelli 
ate often provided with cuticular lenses, and in addition there may 
bo developed a vesicular ciystalhne body interposed between the 
retinal cells and the cuticle The ventral ocellus approaches the 
Bternal surface and sometimes pro]ects as a papillifoim or peduncu- 
late prominence, while the deflected lostrum in ft out of it becomes 
thickened in such a manner as to foim a biconvex lens, seivmg to 
concentiate the lays of light upon it. 

In the Corycaeidae (Fig 47) the tlnee ocelli mo widely 
separate and the median element remains small, while the dorso- 
lateral pair attain a much greatei — sometimes relatively enormous 
— development Each is provided with a lingo biconvex cuticular 
lens (/), and the retinal apparatus is at a considerable distance 
from this, at the apex of a corneal spaco tho base of which is 
formed by the lens and the walls by a delicate membrane Tho 
pigment-cup (p) is elongated into a tubular form and at its mouth 
is set a vesicular “crystalline body” (0 In Coiyciuws tbopostonoi 
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pait of the ocular appaiatus reaches hack into the region of the 
anterior thoracic somites, and in Copiha the pigment-cups enclos- 
ing the letinal cells lie together m a conical piotuberance on the 
sternal surface of the body 

In this account it has been assumed that the “ pamed eyes ” of 
Pontellidae and Coiycaeidae are derived fiom the dorso- lateral 
elements of the nauplms-eye It must be mentioned, however, 
that Claus, while admitting this derivation in the case of the 
Corycaeidae, regarded the lateial eyes of the Pontellidae as homo- 
logous with the paired compound eyes of othei Crustacea If it he 
the case, however, that 111 the Pontellid eye, as m those of other 
Eucopepoda, the letinal cells are “inverted” (01 are connected 
with nerve- fibrils at the end turned towaids the light), this 
homology would seem to he impossible 

A problematical organ to which a visual function has been 
attributed is found in the genus Pleiuomamma It lies on one side 
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of the cephalic shield, in the legion of the maxilhpeds, and consists 
of a globular refi active body enclosed m a mass of pigment, the 
whole piojecting fiom the surface of the body in a little papilliform 
elevation. It has also been suggested that this is an organ of 
phosphorescence, but accoiding to Giesbrecht this is not the case 

The “ aesthctascs” or “olfactory filaments,” of the antennules 
have already been mentioned Their number and arrangement 
vaiy very much m diffeient forms, and afford valuable systematic 
characters 

The “ fimtal scnse-oi gam* ” are certain sensory setae, generally 
a single pail, on the fiont surface of the head above the rostrum, 
which aie supplied by a pair of nerves arising from the brain, 
and which have been supposed to be the seat of some special 
sense 

The existence of “auditory” organs in the Eucopepoda is 
doubtful A pair of statocysts have been described m the 
anterior pait of the brain m Bncalanus 
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Repoduchve System — oirny may be paired or single It is 
generally of small size and the ova pass at an early stage into the 
oviducts, which aie large and give off blind diverticula (Fig 48, 
ut) In the paiasitic forms the ramifications 
of the oviducts (or uteri) occupy the greatei 
part of the body-cavity, and even, m Chondut- 
cantJms , invade the misshapen thoracic limbs 
In the terminal poition of the oviducts the 
walls are glandular and secrete the cement 
by which the eggs when expelled are agglu- 
tinated together The openings of the oviducts 
are on the fiist abdominal somite, and may 
be ventral, lateial, or dorsal in position The 
genital valves covering the openings have been 
aheady mentioned. 

In the great majority of Eucopepoda the 
female generative apparatus possesses another 
opening or pan of openings on the ventral 
side of the genital somite, serving for the 
entrance of the sperm and communicating 
internally with a single or double spermatheca 
opening of oviduct, oz\ (Fig 48 , sp) On each sido the spermatheca 
copiMatory'poio, spemia- gives oft a duct which communicates with tho 
of oviAnct! oviduct close to its external aperture Rarely 

(Plew omamma) only one sperm-duct is present 
This sperm-duct is lined with chitin, but, in some casos at least, 
the spermatheca is devoid of such a lining and is difficult to 
detect except when distended with spermatozoa It is stated to 
be altogether absent in Hcteiocope (Gymnoplea) Whilo the details 
of this apparatus have been investigated only m a lelativoly small 
number of forms, it seems piobable that the possession of special 
copulatory pores apart fiom tho openings of the oviducts is a 
characteristic of all Eucopepoda Canu has proposed to divide 
the order into two groups, Monoporodelphya and Diporodelphya, 
according as the copulatory pore is single or paired, but it appeals 
from G-iesbi echt’s lesoarchcs that tho two conditions may be found 
m closely allied forms The last-named author has observed that 
in Scottocheres (one of the Asterochendae) tho sperm -duct opens 
not into the spermatheca but to the outside by a soparate pore 
close to the opening of the luttei 

The eggs are sometimes deposited singly in the watei 
(some Gymnoplea), but m the great majonty of the Eucopo- 
poda they are cemented together into packets by moans of a 
secretion formed by the oviduct In all except a very few 
cases (Choniostomatidae) these packets are earned by the female 
attached to the openings of the oviducts until the eggs hatch 
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The brood- pouches of the Ascidicolidae have already been 
illuded to. 

The testis , like the ovary, may be paired or single, the former 
jondition occumng chiefly among the parasitic forms The vas 
leferens is sometimes developed only on one side of the body 
rhis arrangement is universal among the Gymnoplea and is found 
ilso in some Harpacticidae Three regions are distinguished in the 
/as deferens, which, however, are not sharply defined from each 
)ther A narrow proximal portion is followed by a wider part in 
vhich the spermatozoa accumulate and become surrounded by a 
ayei of secretion givmg use to the sheath of the spermatophore 
ind a widened terminal part in which the development of the 
spermatophore is completed 

The possession of definite spermatophores seems to be a universal 
iharacter of the Eucopepoda, distinguishing them from all the 
ither “ Entomostracan ” ordeis The spermatophores may be 
jlobulai, pyriform, or, commonly, sausage-shaped, and consist of a 
iriu cuticulai (not chitinous) investment enclosing a mass of 
jpermatozoa together with a substance which by its expansion 
>erves to expel the spermatozoa In addition, the spermatophore 
jontams a coagulable secretion which is expelled before the 
jpermatozoa and forms a sheath surrounding them within the 
emale spermatheca Externally the “ neck ” of the spermatophore 
s surrounded by a mass of a cementing substance secreted m 
j\iq terminal portion of the vas deferens for attachment to the 
jopulatory aperture of the female In the Gymnoplea the last pair 
if thoracic feet of the male are modified to form an appaiatus by 
vhich the spermatophores are transferred to the female In the 
ither Eucopepoda special copulatory appendages are absent 

Development of Eucopepoda 

The ma]onty of the Eucopepoda hatch in the form of a very 
epical Nauplius larva, though many parasitic forms reach a later stage 
if development within the egg The adult stage is reached by a very 
gradual metamorphosis, the most marked change of shape occurring 
'in the free-living forms) in the transition fiom the last metanauplius 
bo the first “ Oopepodid stage ” In the parasitic forms great changes 
Dccur m the later stages, some of which are described below 

The youngest nauplius stages (Fig 6, p 11, and Fig' 49, A) 
have an oval unsegmented body from which the dorsal shield is 
not yet defined, a large labrum, and the usual three pairs of 
appendages, the second pair (antennae) bearing a masticatory 
process, while the third pair (mandibles) are often without such a 
process at thiB stage A large unpaired eye and a pair of antennal 
glands (which later degenerate) are present 
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The later nauplms stages pass without any sadden change into 
the metanauphus (Fig 49, B, C), in which the doisal shield becomes 
marked off and several pairs of appendages appear as nulinients 
behind the mandibles According to the eailiei investigations of 
Claus, the second pan of these rudiments weie hollered to give 
rise to the “ outei and inner maxillipeds,” but, as stilted above, 
it is now known that this is an euor arising fiom the fact that 
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m the metanaupliar Btages of most Gopepods the appendages aie 
very much crowded together 

The transition from the metanaupliar to the CojitpiHlitl stages 
(sometimes known as the “ Cyclops stages 5J ) is mailccd by a straighten- 
ing of the body, which in earlier stages is ventrally cuivcd, and by 
the unsegmented posterior region becoming shaiply niaiked oft fiom 
the bioader anterior part The limbs begin to show the character 
which they have in the adult, the antennules elongating and becom- 
ing divided into moie numeious segments, the antennae losing the 
masticatory process, and the mouth -parts and swimming -feet 
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approximating to tlieir permanent foim The caudal furca is also 
developed at this stage Theio are typically four somites defined 
m front of the unsegmented abdominal region m the first Copepodid 
stage, and three pairs of swimraing-feet In each of the five 
succeeding Copepodid stages a somite is added, giving, together 
with the terminal segment or telson, the typical numbei of ten free 
segments In the majority of cases, however, as already mentioned, 
the number of somites m the adult is reduced by coalescence or 
suppression, with coi responding changes in the course of develop- 
ment The constriction which marks off the broad anterior from 
the narrow posterior region falls, m the first Copepodid stage, 
behind the third free somite It is moved backward one somite at 
each moult, the Podoplea reaching the final limitation of the legions 
at the second and the Gynmoplea at the third Copepodid stage 
In the more primitive forms ( Qalanus ) the development of the 
limbs, like that of the somites, takes place m regular order from 
before backwaids In the more specialised forms, while the rudi- 
ments of the limbs appear in this order, there is a tendency for the 
anterior swimming-feet to outstrip m their development the maxillae 
and maxillipeds, which remain for some time as rudimentary buds 

Life-History of Parasitic Eucopepoda 

In no other group of Ciustacea has paiasitism led to such 
diversity of stiucture and of life-history as in the Eucopepoda 
The paiasitio habit of life has been adopted to a greater or less 
degiee by many very different families, and every transition is 
found from tlie normal free-living types to those most completely 
adapted to a parasitic life 

In those Eucopepoda which, while parasitic, retain to some 
extent the power of locomotion, the general structure of the adult 
does not differ greatly from that of the free-living types and the 
sexual dimoiphism is not accentuated Thus in the family Astero- 
chendae, which have, as a lule, completely suctorial mouth -parts 
and are parasitic on various Invertebrata, most of the species are 
capable of swimming and retain the general Copepocl form In 
the ABcidicolidae, which live rather as commensals than as parasites 
in the alimentary tiact of Tumcata and Echmoderma, we find a 
series leading fiom the little-modified forms (. Notodelphys , etc ) which 
live in comparative fieedom m the pharyngeal sac of the Tumcata, 
and in which the adults of both sexes possess natatory thoracic limbs, 
to those species which live in the stomach and intestine, and have 
assumed in the female an almost vermiform shape, with limbs adapted 
to push their way through the contents of the alimentary canal of 
the host The male in most cases is free-swimming, at least m the 
adult stage, and is correspondingly less modified in general form. 
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As an example, we may take Euterognathus, iecently described 
by G-iesbrecht This foim differs from most other Ascidicolidae m 
infesting, not a Tunicate, but the Crinoid Antetlon losacea The 
female (Fig 50) has an elongated body which piesents the full 
number of segments Antennules and 
antennae are shoit and consist of few 
segments The mouth-parts aie not suc- 
torial The mandible consists of a long 
and nanow blade, with toothed cutting 
edge and a vestigial palp of two seg- 
ments The maxillipeds are absent. The 
first four pans of thoiacic feet -u o 
shoit and bnamous, with the ondopodite 
forming a broad, spoon-like plate, without 
setae, while the exopodito forms a stiong 
curved claw By movements of those feet, 
and by elongation and contraction of the 
body, the paiasite pushes its way through 
the contents of the intestine of its host 
The last pair of feet are broad lamellae 
fringed with haiis, covering the point of 
attachment of the egg-masses, and prevent- 
ing these from being detaehed m the 
movements of the animal The abdomen 
ends in a well-maiked furca, bearing a few 
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The male is free-swimming, and pre- 
sents the typical Copepod form, with fully 
segmented body and natatoiy thoracic 
feet Its most striking feature is the entire absence of mouth- 
parts, there being no trace of the appendagos between the antennae 
and the first pair of swimming-feet 

The life-history is as follows The earliei stages arc unknown, 
but it appears that the first Copepodul stago is fiee-swimnnng, and 
that both sexes enter the alimentary canal of the host m the second 
Copepodul stage Retrogressive changes then take place, llio suc- 
ceeding stages of the female resembling the adult in general shape, 
while those of the male lose the natatory setae of tho tlioiucie feet. 
In the adult male, however, these are reacquired, while the mouth- 
parts disappear and the animal escapes from the host "Whoro it 
meets with the female is not definitely known, but it is at least 
probable that the latter temporarily leaves the alimentary canal of 
the Crmoid, and clinging to the surface of its body, is there fertil- 
ised by the male 

In certain families of the truly parasitic forms with suctorial 
mouth-parts (Caligidae, Lernaeidae, Lernaeopodidae) a community 
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of origin is indicated by the possession of a larval glandular organ 
of adhesion m the frontal legion (Fig 45, A, f gl) In the 
Caligidae the first Copepodid stage becomes attached to the skin of 
a fish by a long filament (frontal band) which appears to be formed 
by the consolidated secretion of a convoluted tubular gland lying 
in the fiontal legion Larvae in this stage were described by 
Burmeister as a distinct genus, under the name Chahmus, and it 
may conveniently be designated the Chahmus -stage In later 
stages both sexes become free, and in some species at least 
retain the power of swimming freely, attaching themselves only 
temporal lly to fishes for the purpose of sucking their blood 
The males and females, at the stage at which fertilisation takes 
place, do not differ greatly, but after impregnation the gemtal 
somite of the female becomes gieatly distended and filiform egg- 


masses aie pioduced 

A more complex hfe-history is that of the Lernaeidae L&inaea 
faanchiahb is hatched as a nauplius, and when it reaches a stage 
coi responding to the first Copepocbd stage (Fig 51, A) it becomes 


paiasitic on the gill-filaments of 
a fish, usually one of the Pleuro- 
nectidae, attaching itself at fiist 
by the subchelate antennae and 
the maxillae, and latei by the 
frontal cement-gland It then 
passes into a “pupal” stage 
(Fig 51, B), in which the powei 
of movement is lost and letio- 
gressive changes occur, especially 
in the swimming - legs, which 
lose then setae and become 
unsegmented stumps Later, 
the power of locomotion is 
regained, and the parasite leaves 
its first host in a foim which 
corresponds to the adult stage 
of free-living Copepods Sexual 
maturity is now reached and 
the female (Fig 52, B) is dis- 
tinguished by the gieat elonga- 
tion of the region of the genital 
segment Impregnation takes 
place m this free -swimming 
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stage and the male does not 

develop further The female, however, seeks a second host, a 
fish of the family Gadidae, and becoming attached to the gills, 
burrows into the flesh so that the whole anterior region of the 


* 
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body is embedded. Thiee lannfied processes glow out fiom the 
head into the tissues of the host, and the region of the genital 
somite becomes enormously onlaiged, foiming the gi eater pait of 
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the veimiform body (Fig 52, C, D) The swimming - feet aic 
retained in a vestigial condition near the antonoi end 

In some other forms parasitic on fish (Lernaeopodidae, Chon- 
dracanthidae) the male is attached to the female in a dwarfed 
condition throughout life The larva becomes paiasitic in the 
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fiist Copepodid stage, and the later stages of the typical series are 
suppressed, the characteristic features of the parasite being assumed 
at the next moult 

In the Choniostomatidao, which are parasitic on other Crustacea, 
the larva hatches in the first Copepodid stage, with two pairs of 
swimmmg-feet, and becomes attached to the host by an adhesive 
frontal plate, corresponding probably to the “frontal thread” of other 
foims This larva may give nse at once to the adult form, or a 
pupal stage with 1 educed limbs may intervene The male is similar 
to the female in essential structure, but of much smaller size. 

The most extreme stage of degeneration is reached in the 
Herpyllobndae, which are paiasitic on Polychaete worms and on 
Crustacea In Phizoihina , which is the most thoroughly known, 
the adult female is entirely without appendages, and is attached by 
a tubular process which ramifies within the body of the host in a 
fashion recalling the “ roots ” of the Rlnzocephala The adult male 
is also entirely limbless, but remains enclosed within the last laival 
skin (of the first Copepodid stage) Within it aie formed a pair of 
relatively enormous spermatophoies, which are not expelled from 
the body but discharge their contents through ducts which pass 
out close to the point of attachment, and m front of the position 
of the larval mouth A number of males are attached to the body 
of the female near the genital apertures 

The Monstnllidae have a verj 7- remarkable life-history, which 
has only lecently been made known The adults of both sexes are 
free-swimming, and are without mouth-paits or alimentary canal 
The newly hatched young are also f lee-swimming, but the inter- 
mediate stages are endoparasitic within various Polychaete annelids 
The life-history is most fully known in the case of Haemocei a danae, 
investigated by Malaquin (Fig. 53) The adults (F) have antennules 
and four pans of swimming-feet, but no trace of antennae or 
mouth-paits The fifth pair of thoracic feet are vestigial m the 
female and are stated to be absent in the male The alimentary 
system is represented by a bhnd stomodaeal invagination and a 
mass of undifferentiated endoderm cells The female carries a 
single packet of eggs (ov) adhering to a pair of veiy long setae 
(g s) which spring from the genital valves The young are hatched 
as naupln, without mouth or alimentary canal, and with stiong 
hook-like mandibles (A) The nauplius bur lows into the body of 
its host (the Polychaete Sahnacina ), casting its cuticle m the 
process and losing its limbs, so that when it reaches the body- 
cavity it consists merely of a mass of embryonic cells without a 
cuticle (B) From the body-cavity the parasite passes into the 
vascular system of the host, where it undergoes its further develop- 
ment A thin cuticle is now secreted, and a pair of processes begin 
to grow out from one end of the ovoid body (C, p) These 
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increase in size, in some cases, to several times the length of the 
body, and as the cuticle covering them is very tlnn it is believed 


A. 
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that they act as absorptive organs In some cases, but not always, 
a second pair of these processes is found behind the first From 
the position which they occupy relatively to the rudiments of 
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appendages afterwards appearing, it is believed that they represent 
the antennae and mandibles of the nauplius The organs of the 
adult are gradually differentiated within the cuticular sac, which 
enlarges with the growth of the animal. The pointed posterior 
end of the sac is surrounded by rows of recurved hooks (D), and 
these appear to be used in boring a way out through the tissues 
of the host when development is complete (E) The reproductive 
organs are developed before the parasites escape from the host 
After escaping, a single moult takes place and sexual maturity 
is reached 

The life-history of the Monstnllidae may be compared with that 
of the male Entei oguathus described above, m which the earlier 
larval stages and the adult are free-swimming, while the intervening 
stages are paiasitic and degenerate, and in which also the adult is 
incapable of feeding 

Morphology of Branghiura. 

The body is much flattened, and is divided into three legions, 
an unsegmented, cephalothoracic region followed by three fiee 
thoracic somites and an unsegmented abdomen (Fig 54) The 
cephalothoracic region is covered by a greatly developed head-shield 
or carapace, which, while not projecting beyond the articulation of 
the succeeding somite as a distinct “ shell-fold,” is expanded on each 
side in a great wing-like pleural fold. In many species the lateral 
folds are produced backwards and cover the thoracic somites and 
their appendages, and sometimes even the abdomen The abdomen 
is notched or bilobed, and bears a pair of minute furcal rami (J) 

Appendages — The antennules are small, consisting of four 
segments, of which the first is divided mto two parts and is 
provided with a large hooked claw and some smaller spines, used 
for attachment to the host The antennae are also short, uniramous 
in the adult, of four segments, the basal part provided with stout 
3pines 

The mouth-parts are suctorial, the upper and lower lips together 
forming a pioboscis (Fig, 54, p) within which are enclosed the 
mandibles and maxillulae The maxillulae are never mcluded in 
the proboscis m suctorial Eucopepoda 

The mandibles aie without palps m the adult and have sickle- 
shaped, serrated tips The mcuallulae are stated to be wanting in 
the genus Dolops In Argulus they are simple, lancet-like blades 
The maxillae (“fiist maxillipeds ”) are very remarkably modified 
Except m the genus Dolops , where they end in stout hooked claws, 
they are represented chiefly by a pair of large adhesive suckers 
(Fig 54, mx"), situated some distance m fiont of the proboscis The 
sucker is developed from \the basal portion of the appendage, the 
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distal segments which aie piesent in tho larva peisisting as a 
vestige undei the outer maigin of the sucker or disappeaung 
altogether The sucker itself is provided with stiong muscles and 
its margin is sttengthened by ladiating chitinous rods 

The Just thouiLic appendage (“second maxilhped ") (iw'p) consists 
of five segments, the basal one pioduced into a lobe armed with 
strong teeth and tho end of the limb cariying two stout claws 

The next foui pans of appendages are bn anions naUtoiy feet 
The first pair is attached to the cephalothoracic Legion, tho reman i- 
ing three conespond to the three fiee thoi.icic somites Each 
consists of a stout piotopodite, which, in some species at least, has 
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thiee segments, and an exopodite and endopodite of about oqual 
length The exopodite is unsegmented, and the endopodite consists 
in the first pair of three segments, in the second of one, and in 
the last two pairs of two segments Both rami are furnished with 
two rows of long plumose setae, set along the dorsal and ventral 
margins respectively The insertion of the broadened bases of 
these setae gives to the exopodite and endopodite the appeal anco of 
being divided into numerous short segments, and they have been 
so described, but the arrangement of the musculature shows that 
these do not represent true segments of the limb 

On certain of the antenoi legs in most of tho species tho 
protopodite carries at its distal end, besides the endopodite and 
exopodite, a slender appendage, known as the jiagellum , which 
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originates to the outer (or dorsal) side of the exopodite, and is bent 
backwards upon the protopod ite It is provided with two rows of 
plumose setae, and its probable function is to cleanse the lower 
mrface of the carapace The homology of this appendage is 
loubtful It cannot be an epipodite since it springs from the 
distal segment of the protopodite Nothing equivalent to it is 
Found m the Eucopepoda 

In the male sex the peduncles of the last two, sometimes of the 
ast three, pans of legs are modified for purposes of copulation 
The details differ in the different species, but in all the peduncle of 
die penultimate pair is excavated to foim a seminal pouch which 
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ipens on the dorsal surface of the limb On the anterior surface 
>f the peduncle of the last pair is a peg-hke process which seems to 
le used for opening the mouth of the seminal pouch so that the 
attei can be filled with sperm In some species in the female sex 
i pair of fingei-like processes (Fig 55, B, tp) are situated at the 
sides of the genital orifice between the last pair of legs These 
nay possibly represent a vestigial sixth pair of thoracic appendages 
In the genus Aigulus a very peculiar poison apparatus is 
situated in fiont of the mouth It consists of a hollow spine (Fig 
54, sp), which can he withdiawn into and piotruded from a sheath 
jy the action of special muscles The duct which traverses it com- 
numcates with three groups of large unicellular glands lying at its 
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base These glands appear to be a specialisation of some of the 
dermal glands which (as in many Eucopepoda) are abundantly dis- 
tributed over the surface of the body 

Ahmcntaiy System — The alimentary canal has a nairow oeso- 
phageal region, with strong circular and longitudinal muscles, which 
projects, funnel-like, into the -wide stomach The latter gives oft 
a pair of diverticula, which aie much ramified, and occupy the 
greater part of the lateral lobes of the cephalothorax When feed- 
ing, these diverticula, as well as the stomach and intestine, become 
filled with the juices of thp host The stomach is followed by a 
wide intestinal region which is sepaiated by a sphincter from the 
narrow rectum The latter is without the dilatoi muscles found 
not only in Eucopepoda but m most Crustacea 

Gw dilatory System — The heart is situated at the junction of 
thorax and abdomen, and sends off an aorta which reaches as far 
forward as the brain It is provided with one 01 two pairs of 
lateral and inferior afferent ostia and sometimes a median mfenoi 
efferent opening at the base of the aoita There appears to be 
doubt as to the existence of a posterior median efferent opening 
In the earliest larval stages the heart is absent, and the circulation 
is mainly carried on, as in the later stages it is assisted, by 
rhythmical contractions of dorso-ventral muscles in the abdomen 

Exdetoiy System — An excretory gland of the usual type is 
present, and has been identified as the maxillary gland (shell- 
gland). It appeals from the investigations of Claus and of 
Nettovich, however, that it differs fiom the maxillary gland of 
the Eucopepoda and other Crustacea m opening not on the maxilla 
but on the first thoracic limb (the so-called “ second maxilliped ”), 
or on the sternal surface of the body close to the base of that 
appendage 

Nmous System — The ventral nerve -chain (Fig 55, A) is 
shortened, but six ganglia can be distinguished The statements as 
to the origin of the nerves to the two pairs of maxillipeds are con- 
flicting, but the last four ganglia supply the somites of the four 
pairs of swimming-feet, the last also sending nerves to the abdomen. 

Sense-Oi gctns — A median (nauplius) eye of the usual structure 
is set upon the dorsal surface of the brain (Fig 55, A, c) In 
addition, there are a pair of laige compound eyes (Fig 54, e) 
visible through the transparent integument of the doisal surface 
Each is supplied by a stout optic nerve which swells into a 
ganglion befoie entering the eye The eye is movable, hut it 
differs from the similarly movable, non-pedunculated eyes of the 
Branchiopoda in the fact that it moves not in a “corneal pouch” 
but in a blood-space which intervenes between the outer ends of 
the quadripartite crystalline bodies and the integument Seen 
from above this blood-sinus is bounded on the anterior, external, 
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and postenor sides by a chitinous wall It seems not unlikely 
that further lesearch will show the wall to be formed by an 
invagination of the cuticle, in which case it may repiesent the 
vestige of a corneal pouch like that of the Branclnopoda 

Pieproductive System — The ovary (Fig 55, B, omj) is unpaired 
and, at its first appearance in the laiva, asymmetrically placed, 
afterwards assuming a median position Rudiments of two ovi- 
ducts are found in the larva, but that situated on the same side 
of the body as the ovary atrophies, while the othei develops 
further and ultimately opens (od) in the middle line between the 
bases of the last pair of legs 

A pair of sperma thecae (Fig 55, B, s/v) are found in the 
abdomen They are not connected with the oviducal opening, but 
each has a short duct which gives off a blind diverticulum and 
terminates on a papilla with a retractile spmiform tip close to 
the anterior margin of the abdomen It is believed that the 
sharp points of these papillae pieice the envelopes of the eggs 
when the latter are laid, so as to peimit the entrance of the 
spermatozoa The eggs are laid attached to stones or other objects 

The testes (Fig 55, C, t) are paired and he in the abdomen 
Their ducts unite to form an unpaired spminal vesicle ($ z>), and 
after receiving the ducts of a pair of accessory glands (gl) lying 
in the thoracic region again unite to open by a median pore (o) 
between the bases of the last pair of legs The seminal pouches 
on the penultimate legs of the male and the structuies connected 
therewith have already been mentioned 

Development of Branchiura. 

In some species of Aigidus the newly hatched larva has all the 
appendages similar to those of the adult with the exception of the 
fust maxillipeds, which are not modified into suckers but aie stout 
clasping limbs, each consisting of four segments and ending m a 
double claw In othei species, howevei, among which is the 
common European A fohaceus, the newly hatched larva diffeis still 
more from the adult (Fig 56) The antennae aie biramous, having 
a laige unsegmented exopodite which is lost in the adult, and the 
mandibles have a laige umramous palp of two segment* The 
antennal exopodite and the mandibular palp are tipped with plumose 
setae and serve as swimming-organs The heart is not found m 
the eailiest larvae but develops after the first moult 

Remarks on Habits, etc 

The majonty of the Eucopepoda are marine, but numerous 
species, belonging chiefly to the families Centropagidae, Harpac- 
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ticidae, and Cyclopidae, are very abundant m fresh water Most 
of the Gymnoplea aie pelagic, foinnng a very important pait 
of the plankton of the sea and of lakes The lion- parasitic 
Podoplea, on the other hand, with the exception of a few pelagic 
groups like the Corycaeidae, belong to the bottom-fauna A huge 



Newly liatcdiod larwi of Arffidiff* fulkuxus a', nntenmilo , rr", antenna , wd , mandiMi milt. 
mandibular palp, hi /*, maxilla (llrst ma\ill]i>«i) , wf" t (second) mnxilliped , jil, ji ■*, Hist mul 
fourth pairs of Hurinimlng-fLot (After Claus, lltmi Korsclielt aiul^Heidprs Hiihmoloim ) 


proportion of the parasitic forms of various families attack fish, and 
some of these, such as Lemaeoceta and Achtheies , occur in fresh watei 
Pennella is sometimes found on whales Other parasitic and semi- 
parasitic forms are found on various groups of marine inverte- 
brates The Branchiura are temporary parasites on fish and occur 
both in the sea and in fresh water 

Most of the free-living Eucopepoda are minute, but some of the 
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parasitic species attain a greater size, the largest (Pennella) being 
more than a foot in length. 

No fossil lemains of Copepoda are known 

Affinities and Classification. 

On the hypothesis that the Nauplius represents the ancestral 
type of the Crustacea, the Eucopepoda would be regarded as the 
most primitive existing membeis of the class, retaining, as they 
do, naupliar characters in the foim of the first three pairs of 
appendages and in the absence of paired eyes and of a shell-fold 
As already indicated, however, it is much more probable that they 
are to be regarded as a specialised and in some respects degenerate 
gioup which, while retaining, in some cases, a very primitive 
structure of the cephalic appendages, has diverged from the 
ancestral stock in the reduction of the number of somites, the loss 
of the paired eyes and shell-fold, and the simplified form of the 
trunk-limbs The prevalence of parasitism and the great structuial 
changes associated therewith render the classification of the Euco- 
pepoda a matter of peculiar difficulty, and none of the schemes 
hitherto proposed is altogether satisfactory In Claus’s system 
(1880) the distinction drawn by most of the older authors between 
free-living and parasitic forms is still maintained in the two chief 
divisions of Guathostomata and Siphonostomata, the latter includ- 
ing forms in which the mouth -parts are more or less distinctly 
suctorial Giesbrecht has shown, however, that this anangement, 
and also that proposed by Canu, based on the copulatory pores of 
the female, are quite unnatural, since forms with biting and suc- 
torial mouth-parts and with paired and unpaired copulatory pores 
may occur within the limits of the same family Giesbrecht’s own 
classification of the Eucopepoda, which is given below, marks a 
distinct advance, especially as regards the separation of the more 
primitive pelagic families to form the group Gymnoplea His 
airangemont of the remaining families, which he groups together as 
Podoplea, is, however, less convincing, and he does not attempt to 
define the position of many of the paiasitic forms The system is 
therefore incomplete and can only be adopted as a temporary 
expedient pending fuithei investigation 

Some modern writers follow Zenker and Thorell in referring 
the Branchiura to the Branchiopoda, although the only character 
which can now be ref ei red to m support of this arrangement is the 
presence of paired compound eyes On the other hand, the com- 
parison instituted by Claus between the appendages of Branchiura 
and Eucopepoda shows a general similarity of structure which can- 
not be disregarded The only serious difficulty in the way of this 
comparison is the difference in the position of the maxillary gland, 
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which in the Eucopepoda, as in other Crustacea, opens on the 
maxilla, but in the Branchiura on the first thoracic appendage It 
seems more piobable, however, that a shifting of the aperture has 
taken place than that the appendages do not conespond senally 
in the two groups 


Sub-Class Copepoda, H Milne-Edwards (1830) 

Order 1 Eucopepoda, Claus (1875) 

Paired compound eyes aleent , genital apertuies on the se\cnth 
trunk - somite , tlioiacic limbs without flagellum, leitihsation by 
speimatopliorei 


Sub-Order 1 G-ymnoplea, Giesbrecht 

Last thoiacic somite fiimly connected with the preceding somite and 
movably articulated with the hrst abdominal somite , last pair of thoracic 
appendages in female similar to piecedmg pair, or reduced or absent, in 
male always piesent and modified as copulatory organs, one or neither 
of the antennulea geniculate m male , eggs deposited Bingly or carried m 
a single packet, heart generally piesent, vas deferens unpaued, its 
opening unsjTnmetncnlly placed Free-living forms, mostly pelagic. 

Tribe 1 Aaiphaska^jdria, Giesbrecht 

Antennules of male not geniculate, with more numerous aesthetascB 
than m female 

Family Calanidae This extensive group ib divided by Sars into 
twelve families Most of these correspond to sub-famihes recognised b} r 
Giesbrecht Calcium, Leach (Fig 41), Eucalanus , Dana, Rhmcalaniis , 
Dana, Calocalamis , Giesbrecht (Fig 42), Paracalanus , Boeck , Pseudo - 
calanus, Eoeck , Aetideus, Biady, Euchaeta , Philippi, Phaennci , Claus; 
Scolecitlnii , Brady , Thaws, G 0 Sars, Stephos , Scott, Tharylns , G 0 
Sars, Pscudocyclopia , Scott (The families repi esented by the ]ast eight 
genera are sepaiated from the AmpkasLandria by Sars to form a division 
Ieokerandna.) 


Tribe 2 Heterarthrandrta, Giesbiecht 
One of the antennules geniculate in male. 

Family Centropagidae Drvided into eight families by Sara — 
Centropages, Kruyei* , Dwptomus, Westv T ood , Pseudodiaptomus , Herrick , 
Heterocope , G 0 Sara, Lucicuha , Giesbrecht, Temoia, Band, Mctndia , 
Boeck; Hetei orhahd as, Giesbrecht , Pleuromamma, Giesbiecht , Anetellus, 
Giesbreclit. Family Pseudoctclopidae Pseudocyclops, Brady Family 
Candaciidae Candacm , Dana Family Ponteludae Divided into 
four families by Sars — Pontella , Dana; Parapontella , Brady, Acartia , 
Dana; A nomalocera, Templeton , Toitanus, Giesbrecht 
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Sub-Order 2 Podoplea, Giesbrecht 

(Most of the following clmiacters are subject to modification m parasitic 
foims.) 

Last thoiacic somite movably articulated with the preceding, and 
firmly united with the first abdominal somite, which it resembles m size 
and form Last pair of thoiacic feet vestigial m both sexes , not 
modified as copulatory oigans m male Both or neither of the antennules 
geniculate 111 the male Eggs generally carried m paned 01 impaired 
masses Heait absent (except m Mi sophma) Male reproductive system 
usually paired Free-living (laiely pelagic) or paiasitic 

Tribe 1 Isoker indria, Giesbrecht. 

Swimming foims with antennules not geniculate m male, generally 
similarly segmented m both sexes, and parasitic forms allied to these 

Family Clausidiidae Claimdium , Kossmanu Family Corycaeidae 
Corycacus , Dana (Fig 47 ), Copilia, Dana, Sapphmna , J V Thompson 
Family Oncaeidae Oncaea, Philippi Family Lichomot gidae Licho- 
molgiut , ThorelL Family Ergasilidae Ei gas-ilus, Noidmann Family 
Bomoloohidae Bomolochus , Noidmann Family Clausiidae Clausia, 
Claparede Family Nereicolidae Neieicolu , Kefeistem 

Tribe 2 Ampharthrandiua, Giesbiecht 

Swimming foims, with both antennules geniculate 111 male, generally 
diffeiently segmented m the two sexes, and parasitic forms allied to these 

Family Misophriidae Misophna, Boeck Family Harpaoticidae 
T his extensive gioup corresponds rather to an assemblage of famibes (cf 
Sars) — Haipacticus , Milne-Edwaids , Longipedia , Claus, Cemnia, 
Nonnan, Ectmosoma , Boeck, Peltidium , Philippi , Tegastes , Norman, 
Poicellidiam, Claus, Idya , Phibppi , Thalestns, Claus, Diosaccus, 
Boeck, Can thocampt as, Westwood, Bckscmus , Maupas , Laophmte, 
Philippi, tfctclla, Dana, Miiacui, Dana, Aegi$th\u>, Giesbrecht ; Clytem- 
nestia, Dana Family Cyclopidae Cyclops , Muller, Oithona , Bail'd 
Family Monstrillidae Monstnlla , Dana, Haewoteia, Malaqum (Fig 
53 ) Family Abcidicoltdae Asadicola, Thorell , Notodclphys , Allman 3 
Doiopygus, Thorell, Notoptei ophorus , Costa, Enterognathus , Giesbiecht 
(Fig 50 ) Family A^terocherid ie Asteiochercs , Boeck, Acontio- 
phoins , Brady (Fig 44 ), Qancerilla, Dalyell , Scottochei cs, Giesbiecht, 
Aitiotrogns, Boeck (Fig 46 ) Family Nicoihoidae Nitothod, Audouim 
Family Dichelestiid ye Dichdcstuim , Heimann , Lcmanthropus , 
Nordmann 

The position of the remaining families (consisting wholly of parasitic 
forms) with respect to this system of classification is not yet determined 
The gioups most usually accepted are — 

Family Caligidae Caligus , Muller Family Lernaeidae Lemaea, 
Linn (Fig« 51 , 52 ), Pennclla , Oken, Lernacoc&a, Blanmlle. Family 
Lernaeopodidae Lemaeopoda , Kroyer , Achtheres , Nordmann (Fig 
45) Family Chondracanthidae Chondi acanthus, La Roche Family 
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Choniostomatidae Chomosto'ma , Hansen Family Herpyllobiidae. 
Herpyllobius , Steenstrup and Lutken , Bhtnorlima , Hansen 

Order 2 Branchiura, Thorell (1864) 

Paired compound eyes present, genital apertuies on iiftli trunk- 
somite, thoracic limbs sometimes with flagellum, no speimatopliores 
Family Argulidae ArguluSj O F Mullei (Fig D4) , Tolops , 
Audoiun , Chonopcltis, Thiele 
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Morphology of Thoracica and Acrotiiuhacuca. 

In geneial foim and in many details of stiuctuie tlie (Jimpoclm 
as a whole depart more widely fiom the common typo than do any 
of the other sub-classes of the Crustacea This is cui 1 elated with 
the sessile habit of life which is universal within tho gioup 
In those forms which have become puioly parasitic, as in tho 
orders Ascothoracica, Apoda, and Rhizocophala, tho modifications 
are still more profound, leading, in the last-named oidoi, to the 
disappearance of every tiace of Aithropod organisation Novoitho- 
less, the life-history and even the minute charnctcis of (ho Inivao 
aie so constant throughout the gioup that it is impossible) to 
question the close relationship of the various foinia 


B. 



. A, 7f/ww anatifem, B, Bttianns lumen (ArtPi Dnn\in) r, fnilnn r I (mlim IrH. ml / 

1 literal , * peduncle , r+> l t roatium couk-send with wtro Intern! , J, Hi\iiiiin , i, i^Vn. ' ’ 



Leaving aside for the piesent the paiasitic ordois named above, 
the remaining Cnnpedia, forming the orders Thoincicn and Acro- 
thoracica (Abdominal™ of Danvin), show considerable uniformity 
of structure, though diflenng widely m geneial appearance Jn nil 
cases, the animal is attached to some foreign object by tho antorioi 
portion of the body m tlie legion of the antennules The sholl- 
fold is greatly developed, framing a "mantlo" enclosing the body 
and limbs, and strengthened, as a rule, by shelly platos on its outer 
surface Owing to a strongly maiked doisal flexure of tho preoral 
region, the greater part of the body within the raautle comes to lie 
nearly at right angles to the anterior part The antenor part of 

b Y l0 £^ ted ’“to a flexible and muscular 
^ ( S p) } as in the Pedunculata, or represented only by 
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Fio 6b 

I'm rilepaa Wnqhtil A, vleu of the whole fossil 
ft portion 1 fin tiier enlarged C’, carlnal scales ' 


d flattened disc of attachment, fis in the Opeiculata and Aorothoraeica. 
When a pedancle is present, the rest of the body enclosed by the 
mantle is distinguished as the capitulum 

On account of the confusion which would arise from applying 
the usual terms of onenta- 

tion to animals of such com- A B 

plex form, it is customary, 
in descnbmg Cirnpedia, to 
employ an arbitrary termin- 
ology m which the animal 
is supposed to be placed 
vertically with the capitulum 
above, and the peduncle or 
base of attachment below 
What is, morphologically, 
the sternal aspect of the 
peduncle and the anterior 

side of the capitulum is called _ w 

» +i,„ L L > cftrino lateral , Z, lateral , It L, rostro-lateml , 

tile rostial, the opposite A*, rostral (From arm el's Jironoffmp/nO 

being the “ carinal ” side 

The number and airangement of the calcareous plates on the 
outer surface of the body afford valuable systematic characters, 
throwing light on the phylogenetic history of the group It seems 

probable that m the most 
primitive Cnnpedia there 
was no distinction of capit- 
ulum and peduncle, the 
whole body being en- 
veloped by a mantle, 
probably bivalved, and 
21 strengthened with shelly 
1 plates Such a form is 
perhaps represented by 
the fossil Timilepas (Fig 
58 ) from Silurian and 
Devonian rocks, 111 which 
the whole animal appears 
to be covered 'with 1m- 

Torunltt jiulthflln C, curliml scalnH , C I, cartiio l-iripn finer qpaIph Jivinncrpfl 
liitHml, /, lateral, It l, rostra lateral , It, rostral DncaLin S scales aiianged 
Tim ciqiltiiliu plates mo not Lot-rootly hIiowii (From in transverse TOWS of five 
Gruvel’H Mononrankie ) n mi 

on each side The genu& 
Loncula (Fig 59 ), appearing in the Lower Cretaceous, has been 
supposed to represent the next stage of evolution, showing the 
beginning of the differentiation between peduncular and capitular 
plates In the peduncular region the arrangement of the plates 
is the same as in Twnlcpas At one end of the animal, several 
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plates of the terminal row on each side are much enlaiged and 
represent the capitular plates Much older than Loncula , howevei, 
and probably much more primitive, is the still-existing genua 
Polhcipes , which dates back to the Silurian, possibly to the 
Ordovician epoch In Polhcipes the peduncle is covered with small 
scale-hke plates which increase m size towaids the capitular end, 
and m some cases ( P sertus (Fig 60)) show a complete gradation 
of size and arrangement up to the capitular plates themselves 
The latter consist of unpaired nostrum and canm , with paired teiga 
and scuta , -with a varying number of lateuil plates, forming a 
tiansition to the scales of the peduncle 

From the type of Polhcipes two lines of modification may be 



Flu GO 

Pullicijtes sertua , allowing 
tr/inaltion from peduncular 
wealea to capitulai plates 
(From Gravcl'ii Muno{]ruj)Me ) 



SdilpCllu HlStcm ?wu, x 3 
(After Btebblng, J!rom bn- 
i Ucl Brit ) 


traced On the one hand, in the group Pedunculata, we find the 
scales of the peduncle becoming horny and disappearing, while 
the capitular plates dimmish in number as we pass fiom 
Scalpellum (Fig 61), through forms like Lepas (Fig 57, A) and 
Dichelaspis, to Alepas and Anelasma , where the mantle is entirely 
membianous 

On the othei hand, the Operculata may be supposed to have 
originated from a form resembling Polhcipes, or intermediate 
between it and Loncula The peduncle has disappeared, but the 
whorl of plates immediately below the capitular valves have 
persisted, and, together with the rostrum and carina, have become 
united to form the outer “ wall ” of tubular or conical form, within 
the opening of which the scuta and terga are articulated to form 
the movable operculum The most primitive genus among the 
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Operculata is appaiently Catopfo agmus (Figs 02, G3), wlieic tlio 
“wall” consists of eight pieces (or “ compartments,” as Darwin 
termed them), the unpaired 1 ostium and caniia, and tlio paired 
lateral, lostio- lateral, and cai mo -lateral plates, and is fmthei 
surrounded by several whorls of imbricating scales diminishing 
in size towards the periphery, and lepresonting the ai mature of 
the vanished peduncle In the other Operculata these scales aie 
wanting, and a senes (kin be traced in which the compartments 
dimmish successively in number by coalescence, fiom Oitomcns, 
which has eight plates, through Balamis (Fig 57, B) with six, and 

Elmimub with four, to Pgi- 
goma , wheie all the plates 
have coalesced and the 
“wall” is undivided Each 
compartment piesonts three 


I in US 

Diagram showing tlio constltn 
tlon of the" wall " liiLotaphrttgmim 
The eight principal tumpaitiiu nts 
are Huiroundud bj s<\eral wlmils 
of scales (From Guilds Ah >no- 
j jntphii ) 

divisions, a central ]jai les flanked by two lateial poitions known as 
ladu or alac according as they overlap oi aie overlapped by the 
adjacent compartments The exact mannei in which the over- 
lapping takes place varies m the different genera and affoids a 
basis for systematic divisions Thus Dai win divided his Balamdae 
into two sub-families (1) the Chthamahnao, in which the lostrum 
has alae on both sides, or, in other woids, is overlapped b) the 
adjacent compartments, and (2) the Balammie, in winch the 
apparent rostrum is really formed by the fusion of the rostrum 
with the rostro-lateial compartments (Fig 57, B, ? -mZ), and con- 
sequently has radii ovei lapping its neighbours on both sides By 
some recent wnteis the arrangement of the plates is interpreted 
somewhat differently, and, though its phylogenetic importance is 
recognised, the classification adopted is made to lest upon the 
number of compartments distinct m the adult 
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Catophragmua jidynierus The upper 
figure represents the eutlre sliell viewed 
Jrom above S, scutum , 7', tergnni, 
separated and flirthei enlarged. (From 
Gruvel’s Monogi'uphh ) 


nca, comprising * and baV6 tlie she unlmu couM-it* 
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auttfunuie, *>, ^ canal, cjxu, V iutaKtlim . i "W'"! i, s mlil , wt ,, i 

^.rgy* • ?f,^ c e" ^ t ^*^W^Vrsr , l, . a . 

e-^g-inass in mantle ica^i^ • 

^ In the Peduncular the 

oft- periodically to admit of Operculutu (Chtluiimd^), the 

cuticle underneath n are Q j t ^ 1B natme, hut m nios 

compartments forming _ they liavo a more comp 

the genera comp^mg this gr runmIlg parallel with t w 

structure, being traverses “i. tl0nB 0 i the hypodernus (Fig 04, 
surface and containing prolong* tions j lfc9 maximum 

7p«* »/) Jhe comg^ ^the shed ^ 

Se^kifSVh l AeSe folding of the wall given rise to 
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chambers on the inner and outer surfaces, receiving respectively 
branches of the ovaries of the Oirripede and prolongations of the 
epidermal tissue of the host 

The base of the shell m the Operculata may he simple and 
membranous or it may become calcified, and in the latter case it 
may be traversed by radial canals (Fig 64, ci) carrying prolonga- 
tions of the hypodermis. 

In Xenobalanus (Figs 65, 66) among the Operculata the wall is 
reduced to a small vestige and the opercular plates are absent 
The mantle-sac is elongated and appears as if divided into capitular 

and peduncular portions, giving the 
animal an extraordinarily close re- 
semblance to certain Pedunculata such 
as Ale-pas 

It may be mentioned here that m 
the Pedunculate Andasma , which is 
parasitic on sharks, the peduncle 
becomes imbedded in the muscles of 


CL+l 


H 

Fua 66 Fin 66 

Xenobalanus globicipitls Diagram of the reduced “wall " of Xcno- 

B , reduced “wall , p, talaniis C, oanrm , C L+L, carl no-lateral 

penis (From Gruvel's Mono- fused with lateral , B.L, rostra lateral , R, 
graphic ) rostrum (From Gruvel’s Monographic ) 

he host and gives off minute ramifying filaments which no doubt 
erve for the absorption of nutriment 

The body, enclosed within the mantle, consists of a cephalic 
egion (“ prosoma ” of Darwin), followed by a “thoracic” region 
orresponding to the somites bearing the six pairs of cim These 
omites are usually indistinctly defined m the membranous mtegu- 
aent and the first is always coalesced with the head There is no 
listinct “abdomen” m the adult except in so far as it is repre- 
ented by the caudal furca which is present in most Pedunculata 
nd a few Operculata The f ureal rami are usually small, unjointed 
r with few segments Exceptionally they may be long and multi- 
rticulate 

Appendages — The antennules , which serve for attachment in the 
irva, usually persist in a functionless condition imbedded in the 
sment which fastens the end of the peduncle or the base of the 

S 
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shell to the substratum (Fig 64, ant y Fig. 67, A'). They appear, 
however, to be absent in the Acrothoracica 

The antennae disappear in the adult in all normal Cirnpodia 
Their possible persistence m the Ascothoracica will boioferiocl to 
later 


The mouth-parts consist of simply foimecl mandibles , mtinllidae 7 
and maxillae , the last united at the base to form a lower lip Tho 
upper lip is large, often bullate, and at tho sides, between it and 

f the mandibles, aie a pair of setose 

lobes which have beon sometimes in- 
terpreted as lateiul lobes of tho labium, 
but which seem undoubtedly to bo the 
mandibular palps 

The appendages of the “ thoiacie ” 
region, of which thoro arc normally 
six pairs, form the chaiactci islic “cim” 
fiom which the name of the older is 
c denvod (Fig 67 ,('/*) Each consists of 

a two -segmented piotopodiLo bearing 
two long multiarticulate rami, tho sog- 
^ ments of which are fringed with long 
hairs foi tiling, when the eim arc pio- 
truded fiom the onfico of the shell, a 
“casting-net” for tho capture of pioy. 
The cirri mcreaso m length and m tho 
number of segments m tho rami from 
before backwards, and the number of 
segments also increases with tho ago 
-4 of the animal Tho fhst pair are com- 

Fio 07 monly, at least m the Fodnneulata, 

Disnection of Lepaa from tha aido separated by a little space from tho 
A , antemmle , ( 7 , Carina , Cd, compnt- ■. 1 . 

gland and dnet, Cf t cirri (thoracic lOllOWlllg p.HlS, aild llLOl'C closely 

ft aasocialod with tho mouth - parts 

S: S urtl101 ’ thc two or tho first 

(From oiaua'a Textbook) three pan s are distinguished from 

posterior pans hy being shorter 
and by having the segments besot with stiff spines which prob- 
ably aid in the prehension of food In tho parasitic Aiirhtmn tho 
cun are short, obscurely segmented, and quite devoid of sotao 
(Dig 68) 


In the Acrothoracica tho cirri aro induced m number hy tho 
disappearance of the second and sometimes also of tho thud pair 
and the first is separated by a wide space from the remaining naira’ 
which are crowded together at the posterior end of tho body Tho 
first pair are reduced to small papillao in Cii/ptn/Jimhii, but in tho 
remaining genera they are closely approximated to the mouth-pai Is, 
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and have two unsegmented rami. In Alcippe the lost three pans 
of cirri are umramous 

In many Pedunculata a membranous process (“filamentary 
appendage,” Darwin) grows out from the side of the body just 
below the origin of the first cirrus In Conchodcrma similar 
appendages are also attached to the peduncles of some of the 
cirri, and in that genus and m Pollicipes others spnng fiom the 
sides of the prosoma These processes may be occupied internally 
by diverticula of the testes In many Balanidae a setose plate is 
produced from the outer side of the peduncle of the third pair of 
cirri, and projects half-way across the dorsal suiface of the body 
In Ci yptophiahs two pairs of filamentary processes spring from the 
dorsal surface of the body It seems possible 
that some of those appendages which are attached 
to the peduncles of the cirri or in the neigh- 
bourhood of their articulation to the body may 
be of the nature of epipodites In many Cirri- 
pedia a fold of the integument piojecting into 
the mantle-cavity originates on each side of the 
cephalic region at the point where the mantle 
joins the body In the Pedunculata these folds, 
the “ovigerous frena” of Darwin, usually serve 
for the attachment of the egg- masses, and are 
equxpped for that purpose 'with knobbed spines 
In the Verrucidae they are absent, but m the 
other Operculata they are represented by laige 
plicated membranes no doubt branchial in function 

Alimetiiary System — The stomodaeum appears, 
as a rule, to form only the narrow oesophagus, 
the large stomach being without a cuticular lining ™ow le the 

In some Aciothoracica ( Ciuptophialus ), however, body and the reduced 
a triturating apparatus is developed from the Monogmphie) 
inner end of the oesophagus, where it enters the 
stomach, consisting of two opposed homy discs carrying teeth and 
several rows of setae. The anterior part of the stomach generally 
gives off a number of large “hepatic” caeca (Fig 67, X), while 
ramifying tubules forming the so-called “ pancreatic glands ” clothe 
the posterior part and open into it by numerous small apertures 

In Alcippe , among the Acrothoracica, the rectum and anus are 
Absent, and the ramified hepatic caeca radiate from the stomach 
into all parts of the body 

Circulatory System — No heart is piesent m any Cimpede, and 
the lacunar channels in which the blood circulates are, for the most 
part, ill-defined. The most important and constant is the “rostral 
sinus” (Fig 64, sio) lying on the rostral side of the adductor 
^scutorum muscle. It has a pair of valves at its lower end where 
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it communicates, in the Pedunculata, with a canal tiaversmg 
the length of the peduncle 

Exaeimy System — The excretory oigans of the Cimpedia lme 
been the subject of much discussion, and it is only recently that 
then* structure has been clearly ascertained. Darwin described as 
“olfactory” organs a pair of minute orifices, sometimes elevated on 
tubular papillae, on the outer side of the maxillae These were 
shown by Hoek to be the openings of a pair of fine canals, which 
he regarded as “segmental organs” and described as opening into 
the body-cavity This cavity has been shown by Brantz to be the 
greatly enlarged “ labyrinth ” of the maxillary gland, the end-sac of 
which, discovered by Nussbaum, communicates with the labyiintli 
by a minute aperture The end-sac is of considerable size, and 
may be divided by internal partitions In addition to these 
maxillary glands, an excretory function is discharged by the hepatic 
caeca and by scattered “ nephrocy tes,” the most impoitant of which 
are aggregated in two masses at the sides of the cephalic legion 

Glands — A very peculiar and characteristic feature in the 
organisation of the normal Cirnpedia is the cement apparatus by 
means of which the attachment of the animals is effected This 
consists of a pair of much-ramified follicular glands connected with 
a pair of ducts which open, in the later larval stages at least, on 
the antennules In the Pedunculata these glands are lodged m 
the peduncle (Fig 67, Cd ), and in the Operculata in the thickness 
of the basal plate (Fig 64, glee) In many Pedunculata (Lqm, 
Conchodei'Tna , etc ) the openings of the ducts on the antennules 
serve throughout life for the escape of the cement, but in others 
( Scalpellum , Polhctjtes) numerous additional apertures are formed 
on the surface of attachment In the Operculata the glands and 
their ducts ramify in a complex way over the broad base and 
discharge the secietion through numerous pores In one species 
of Lejpcts ( L fasaculans) the cement forms, at the end of the 
peduncle, a vesicular masB, senring to increase the buoyancy of the 
floating colony. 

In the Acrothoracica, which bore into the shells of Mollusca 
and into corals, the cement-glands are much reduced and are prob- 
ably functional only in early life 

Muscular System — In the great majority of the Pedunculata 
and in the Opeiculata a strong adductor muscle (Fig 64, m a $, 
Fig 67, M) connects the two scuta dorsal to and in front (on the 
rostral side) of the alimentary canal When the scuta are absent 
the muscle is attached on each side to the cuticle of the mantle 
In the genus Ibla an adductoi scutonim is also present, hut as it 
crosses the body on the ventral side of the alimentary canal 
between the oesophagus and the ventral nerve-mass it cannot be 
regarded as homologous with the similarly named muscle of the 
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other Pedunculate and Operculata In the Acrothoracica (Alcippe) 
also the adductor is ventral in position 

The peduncle of the Pedunculate is provided with longitudinal 
and oblique muscular fibres, and some of these may extend into the 
mantle, but no definite muscles other than the adductor scutorum are 
connected with the valves of the shell In the Operculata Symmetrica, 
however (not in the Asymmotnca), a pair of depiessw muscles are 
connected with the terga and two pairs with the scuta (Fig 64, 
in d t } m cl s) 

Nervous System — The ventral nerve-chain is concentrated into 
a single mass, within which, however, the outlines of five pairs of 
ganglia may be made out In the Pedunculate a pair of large 
nerves originating from the anterior part of the cerebral ganglia 
pass down the peduncle, and may perhaps represent the antennular 
nerves 

Sense-0) gans — Apart from the setae, supposed to have a sensory 
function, on various parts of the external surface, and from such 
doubtfully sensory structures as “Koehler's oigan” m the pedun- 
cular scales of Pollzcipes , the chief organ of special sense persisting 
in the adult is the nauplius-eye This is deeply buned in the 
tissues of the body, on the dorsal surface of the stomach, and may 
be single (Pedunculate), or divided into two parts (Operculata) 
In Lepcts it consists of two pigment-cups, each containing a single (1) 
cell, the inner surface of which bears a senes of rodlets imbedded 
in the pigment The structure of the paired eyes m the Operculata 
is not fully known, but it seems probable that they correspond to 
the two halves of the Lepadid eye separated, and not to the 
paired compound eyes of the Gtjpn& larva. 

Repi odudive System — The great majority of the Cimpedia are 
hermaphrodite, and cross fertilisation is rendered possible by their 
gregarious habits 

The ovaries in the Pedunculate are lodged in the peduncle 
(Fig 67, Ov), sometimes invading the mantle ( Conchoderma ), and m 
the Operculata they occupy the basal and, when fully developed, 
also the parietal portions of the mantle (Fig. 64, ov). The paired 
oviducts traverse the prosoma and open to the extenor at or near 
the base of the first pair of cirri. Just before reaching the exterior 
each oviduct expands to form a genital atrium (described by 
Darwin as an “acoustic organ”), with glandular walls within 
which is secreted a sac or sheath for the reception of the eggs 
The extruded eggs contained in these sacs form the “ovigerous 
lamellae” fiequently found within the mantle-cavity, where they 
are retained until hatching takes place 

The testes lie for the most pait m the prosoma (Fig 64, ct, 
Fig 67, T), extending, however, into the thoiacic region and even 
mto the filamentary appendages and the bases of the cirri. 
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Each r , defe TS 

vesicle (Fig. 6 , r «) The two vasa cloto hwh , m . SOH Iltl 

the long thread- ike penis , (Figs ^ J tho T)l0 

FOtraded from the opening of tin; elmll to doposil 
spermatozoa wifchm the mantle-cavity of an adjacent 
but probably self-fertilisation may occur m wolnlo.1 md.vnluals. 

»■ «*» s»* "'T'* “i 

the Pedunculata all the individuals of a apooioR .no nin.lar an. 
hermaphrodite, but m tivo genera of PecluncuUla, ,S ,v/j>A/iiih an 
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Dwarf males of— A, Scnlpelhnn pcronh , B, £ glgon , C, nfal m inn f i 
cavity, Jf, stomach, 01 c, cement-eland, S, aculiun^ T t Ut^uhi , 
vesicle (From Gravel's Monograph fe ) . 


Ibla , dwarf male individuals occur. These aro attached within the 
mantle-canty of the large individuals, which may ho either herma- 
phrodites of the usual type, or, in some caHos, oly lonuiloH. In 
the former case the males which are panotl with hermaphrodite 
individuals present a type of sexual relations not definitely known 
to occur elsewhere m the animal kingdom except among tho 
Myzostomida, and were termed by Darwin “ comploinontul males.” 

As regards their structure, the dwarf "malos show groat diflor- 
ences even m closely allied species of tho same gQnus In one 
group of species, including Scalpelluni jpeionii y S mllosum , etc, tho 
male is an almost perfect miniature of the largo hermaphrodite 
to which it is attached (Fig 69, A). Tho peduncle is distinct, 
though short, and the capitular plates aro well developed. Tho 
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mouth-parts are normal, and the cirri are all present, but are composed 
of a restricted number of segments The alimentary canal is com- 
plete, and m some cases even vestiges of the ovaries have been 
found. In a second group, comprising S vulgaie , S, gigas , etc., the 
peduncle and capitulum are no 
longer distinct, and the capitular \ 

plates are vestigial (Fig 69 , B) jf ^ 

The mantle - cavity is greatly e 

reduced, and the cirri are re- „ 
presented by six pairs of unseg- fll— 

mented processes each carrying f 'wl r 

two or three long setae The 

gut ends blindly In a third w ■3SSP» " / 

group of species, represented by 
S, sfoomii, S velutimm, etc, the 

capitular plates have entirely ^ 

disappeaied and the structure is 

still further degenerate (Fig 69 , , 

C). It is among the species of 
the third group that complete jj 

separation of the sexes occurs, ** 

the large individuals being quite 
devoid of male organs 

The degree of degeneratipn /IJ| j) 

exhibited by the males appears | gf| tJ 

to be correlated, to some extent, I WIw 
with their place of attachment to c 

the female or hermaphrodite in- 
dividuals The less -modified 

males are lodged in fossettes in ifflSfcfelk 

the margin of the mantle, while WfflSfffjf q c JE80£lw 

in those species where the modi- 

fication is more profound the 

males are attached within the 

mantle -cavity below or behind 

the adductor muscle. . . . , * G '° , 

t -m , /T , i-r r.s A, dwarf male of Ibln qmdrxvalvis. Cc, 

In Iulct the male (r lg 7 0) IS duct of cement-gland , C E, terminal part of 

modified in a mannei somewhat stomach?™ teaTn “c? ™e^nt^ndf ; 
diffeient from that observed in & T.,’ 

Scalpellum. The lieduncle IS long seminal vesicle , o, cirrus of last pair B, 

v 1 j i postal ior end of body with caudal flurca. 

and the mantle IS greatly reduced (From Gravel's Monographic ) 

and does not enclose the body. 

The mouth-parts are normal, but theie are only two pairs of um- 
rainous cirri The alimentary canal is complete The penis is 
shoit, in correlation probably with the length and flexibility of the 
peduncle and also with the place of attachment of the males, 
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are lodged quite inside the pallial cavity, on the dorsal side 
of the body. Of the two species composing the 
genus lbli\ one, I quadnvalms , has heimaphrodite 
individuals (Fig 71) with complemental males, 
while the other, L cuminga , has the sexes separate 
The males of the Acrothoracica (Fjg 72) are 
still further modified The appendages and ali- 
mentary canal are quite wanting and the mantle 
forms merely a sheath for the greatly developed 
penis, which, m Alcippe, can extend to three or 
four times the length of the body These an- 
enterous males must of necessity be short-lived, 
and in addition to the two to fourteen males which 
are attached to the mantle maigin of a single 
female, there will often be found the remains of 
the adhering antennules of several others which 
fuad, tmdvia have attached themselves and died since the last 

Ginval's _ . . 

xihtc ) moult of the female 

There can be but little doubt that heima- 
tism is the primitive condition among the Cirnpedia, though 



Fig 72. 


mala of Alolpm lampns An, antennules , C def, voa deferens , C p, canal of the penis 
f mnntlo cavity) , G\, ffg, nerve ganglia , mus, retractor muscles of the penis , p, 
pigment, red, testis , t c, connective tissue, Vs, seminal vesicle (After Berndt, 
'el’s Monographic ) 
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the reverse is probably the case with regard to the class Crustacea 
as a whole It has boon held by some authorities that the dioecious 
state is the more primitive in the Cirnpedia also, and the attempt 
has been made to show that the more degraded types of the dwarf 
males lesemble in their structure the Cypm larva, which is supposed 
to lopresent the ancestral form of the Cirnpedes before the assump- 
tion of the sedontary habit As a matter of fact, however, the 
points of resemblance between these males and the Cyprus laiva 
are very slight. Such characters as the incomplete alimentary 
canal and the reduced cirri show that these males are not primitive 
hut degenerate forms, and that a phylogenetically older stage is 
represented by species like S pejonn i in which the males resemble 
the hermaphrodite individuals. It is very probable that the differ- 
entiation of the sexes began among species m which, on account 
of their deep-sea habitat (as in most species of Scalpellum) or 
burrowing habits (as in the Acrothoracica), cross -fertilisation 
between hermaphrodites was difficult It is common, in many 
species of Pedunculata, to find young individuals attached to the 
peduncle of older ones, and it is but a step fmther to find these 
younger individuals, attached in the most favourable position for 
fertilisation to the mantle-margin of the others, performing only 
the function of males. It is moie difficult, perhaps, to imagine 
why m so few cases is the separation of the sexes complete, but 
possibly the retention of male organs by the large individuals may 
be iegarded as a precaution against a failure in the succession of 
short-lived males. 

Development. 

With a very few exceptions, the Cirnpedia are hatched from 
the egg in the nauphus stage, and all pass through a later larval 
form, known, from the superficial likeness of its bivalved shell to 
that of an Ostracod, as the Cypns stage The nauplius (Tig 73) has a 
somewhat peculiar and characteristic structure, subject, for the most 
pait, to but slight modification in the different groups. The dorsal 
shield is produced at the antero-lateral corners into a pair of tubular 
horns, sometimes of great length Each horn has, at its base, a 
pair of unicellular glands (Fig 73, ch) which discharge their secretion 
through its open tip The posterior end of the shield is rounded, at 
least in the eatlier stages, but immediately beneath it arises a long 
spine directed backwards A huge process projecting downwards 
and backwards from the vential biuface contains, in the later stages 
of development, the rudiments of the trunk and its appendages. It 
must therefore be regarded as the posterior end of the body, and 
the fork which terminates it must he compared with the “caudal 
furca,” although the anal opening ( A ) is well in front of it on the 
dorsal side The usual three pairs of limbs present the character- 
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istic nauplius structure In the second and third pairs the exopodite 
is multiarticulate and beset with natatory setae, and the proto- 
podite has masticatory hooks The mouth is overhung by a 
labrum {01) which in its great size recalls the corresponding organ of 
the Branchiopod nauplius. It contains a group of gland-cells which 
open at its tip. The unpaired eye {O') is always well developed, 
and after the first stage a parr of sensory “ frontal filaments ” appear 
The later nauplius stages are charactensed, especially in the Pedun- 
culata, by the development of spme-like processes from the dorsal 
shield and by the elongation of the caudal and posterior dorsal 
spinous processes of the body A spine which develops from 
the middle of the dorsal shield was regarded by Dohrn as repre- 
senting the mid-dorsal spine of the Brachyuran zoea Six j^airs of 
movable spinules are commonly developed in the later stages on 
the ventral surface of the caudal process, and these have been 
regarded as conespondmg to the rudiments of the six pairs of 
thoracic limbs. However this may be, the series of nauplius stages 
is closed with a definite metanauplius stage (Fig 7 3, 5), in which a 
rudiment of the fourth pair of appendages (maxillulae) is present 
In this stage a downward flexure of the lateral portions of the dorsal 
shield is observed foreshadowing the development of a bivalve shell 
which encloses the body in the succeeding Cypns stage The six 
pairs of thoracic limbs (F\ F m ) can be seen developing under the 
cuticle, as can also the adhesive disc of the antennules and the paired 
compound eyes 

At the next moult the laiva passes at once into what is known 
as the Cypris stage (Fig 74) The presence of a large bivalve shell 
gives it a general resemblance to one of the Ostracoda, but it must 
be noted that this resemblance does not extend to the number or 
structure of the limbs nor to the internal anatomy All the appen- 
dages of the adult are present, and the larva is now essentially a 
free-swimming Cinipede The mouth is closed, and the stage was 
styled by Darwin a “ locomotive pupa” The two valves of the 
shell are continuous m the mid-dorsal line, and the free ventral 
margins show a certain asymmetry as in many Ostracoda An 
adductor muscle m the same position as m the adult serves to bring 
the valves together. Near the anterior end on the ventral margin 
of each valve is a minute aperture which in some cases ( Lepas 
pedinata) is elevated on a blunt horn-like process In connection 
with this opening is a gland which is probably to be identified with 
the gland of the fronto-lateral horn in the nauplius stage. The 
antennules (Fig 74, 1) are protruded between the valves of the 
shell anteriorly The third segment is expanded into a sucker-like 
disc, on which opens the duct of the cement-gland, and which serves 
for the occasional temporary attachment of the larva The terminal 
segment is attached to the side of the third, and bears besides 
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Bevoml sotuo a largo olf.ictniy liLmcnl m “ .iosiIicLim ’ Tin* 
antcmiao uro induced to shapeless \ushgos .uul sunn ills tpp. ,u 
entirely. Tlio labium Winnies gie.'dly induced in -i/r '1 In 
m.mdibluR uro ropiosouted (inly by tin* gu.it IimIwmc f m >i 1 1 « in, (in u i 
of tlio limb boing roducod In a papilliform M p.ilp " Tlin m.iMlIuhr 
and m.iullao arc cloHcly crowded logellici in iie.uh I In* poahim 
which tlioy occupy in tlio adult, and fuim, with tin* inaudible, and 
lahrum, a piommeut buccal mass At this sla^n all tin* nmiilli 
parts arc devoid of solac and arc not, functional Tin* *u\ pan i <>i 
thoracic limbs arc now well dovclujicd. Kadi con a* .l-i of a prnjn 
podito of two Rogmonls and two land, u.uli also In cpmuitnl. 
carrying long natatory hoLiio The “ t-hoi.u n* " i ogmu of the lmd\ 
is indistinctly sogmunted, and ih followed by a huijiII limbic 
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abdomen of four segments lurmiiiiaing in a slmi l, snloMt c.uiilal 
fork 

As rog.irds tlio internal anatomy, l.lio unpaired eye (mi) iii-im.ts 
and is accompanied liy a pair of largo compound eyes (/«) uhnh 
wore already visible in tlio last metnnaiiplms h i,,p.. p llim | 
diverticula from tlio anterior portion of tlioalimnilarv euiml foim the 
rudiments of the digestive gland, and a rudiment of tlm mui y is 
visiblo m tlio anterior region. Finally, tlm Ity.m larva i.mmiei 
permanently attached by moans of tlm anteniinloh, and eunsulemlile 
chaiigos go on under tlio eutielo in preparation for tlm next nmnli. 

Ihe most import, anL of those changes (Fig 7f, ( A, li) are the 
development of tho long cimforin thoraeie limlm of the adult and 
a concomitant cliango in the position of tlm tlmraeie legion of the 
body which comes to lie at right angles to tlm long axis of the 
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shell. A deep fold of the integument (y) is formed on the ventral 
surface of the preoral region At the next moult this fold becomes 
opened out, and the ventral surface posterior to it, which was at 
first m contact with the surface of attachment, becomes erected at 
right angles to this surface (Fig. 75, 0) In this way the peculiar 
form of body characteristic of the adult Cirnpede is attained In 
the Pedunculata the stalk is developed by the elongation of the 
preoral region of the head. The compound eyes are cast off with 
the Cypm cuticle, and the rudiments of the five primary valves of 
the shell (scuta, terga, and canna) are developed 



Ficl,76. 


Diagram Illustrating the metamorphosis of Lepas. A, Cypns stage B, attached larva. C, 
young Lepas , still surrounded by the loosened Cyprls shell (»). autennule , ab, abdomen , 
t. carina , d, alimentary canal , m, mouth , o, nauplius eye , pa, paired eje , rf, thoracic limbs , 
a, Cyprld shell , so, scutum , t, tergura , x, dorsal fold , y, ventral fold (From Korschelt and 
Holder's Embryology ) 


Morphology of Asoothoracica 

Iii the Asoothoracica, all of which are parasitic m Zoanthana 
or Echinoderma, the mantle may have a bivalved form ( Synagoga 
and Petiarca), or it may form a capacious sac (Lauia, Fig 76) 
much larger than the body, with which it is connected by a 
narrow neck, and having only a small opening to the exterior 
In Dendiogast&i (Fig 78) the mantle is still more developed, and 
is produced into branched lobes In Luuid the mantle is coveied 
with stellate papillae penetrating the tissues of the host, and pre- 
sumably absorptive. In all cases the mantle contains ramifications 
of the enteric diverticula and portions of the gonads The body" 
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m Lama (Fig 77) is (liitmcl.ly Hi*giin*iili*d ml" si\ " " •"' ,1 

throe limbless “iiMoiiiiiuil ” somites, .mil ends m .i i.indil fun i. 
In Petiaunmd Una hvi/aLn llio body is iiiisegmeiiled 

In tho throi* guild li just iiiilitud n |».ur ol pieoi.il 1 1 *|.i in In • m- 
piosont (Fig 77, mil) and, o\<*u|'t in Imhki, .no .umed mill 

spines HUggodtuig that they .iro oi'giuis ol li\.ilmn Tliri dillei limn 

tho ndhormg .-uitotiiiules of the Tliiuiienii mid Aerollioi.ien-'L in 1 * 1 * 1111 ' 

insoitod, ut least in Lnira, at the sides ol llm biut.il and 

more or loss onvolopeil liy tlio nunlle. It is |i<is<,tlili* ill'll lhe\ m* 
in roality tho iintoimao, hut thure seems In he no delimle eiidenu* 


A 
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I/iunt ifcmnlhp, «A, GxLiinuil \ mw ol Him milnml nllui liml to a liiurn li nl lh" 1 "ini iiinrn/i 1 
(wort tlUHiiOH oHmal ii'inuvml) H, tlm nmndu run ri|il II i»|i»ii ulmwlrir, I In* IhdIi In tin* mi>t>ll» 
Tho mmllluil lineal. In ilivnrtli uln, wlilrli rtm fu?t i*iii]uiul« , <l l»\ hiiUnln'N nr Uinmiuv, nn» mil In 
tho nuintlu on csik. 1 i Mlilii. (Aftm Iduti/o-DiitlilriN, Tmui Fm lhlt )' 

on the point. Tho cement-glands, ho elm rae tuns tie of oilier ('ini 
pedia, appear to be absent. 

The mouth-parts are more or loss reduced, 1ml. appeal to be 
adapted for piercing. 

Tho thoracic appendages uro biramouw and aitieulaled only in 
Synagoga In Laura they are unirarnotw .uul iiidintnicLly eegnn uted, 
and tho first pair dificrs from tho others, being long and sleiidei. 
A similar diftoronco is obsorvod m /Wwmr, where, hminver, I liev 
are still furbhor reduced, anil in Jjvndragadvr they are roprmsnted 
only by some indistinct papillao. 

In all three genera tho gut ou<1h blindly, and the hepatic 
diverticula (Fig. 7G, B; Fig. 77, A'), which are large, e\lund into 
the mantle. A digastric tl adductor ” iuuroIo in present on ihe 
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ventral side of the alimentary canal. The nervous system is 
reduced An eye is stated to be present m Synagoga In Laum 
the oviducts open at the base of the first pair of cirri. In the 
other genera they have not been traced Peharca is hermaphrodite, 
.and the vasa deferentia open on a large penis which terminates 
the body. In Law a the testes are described as lodged m the 
bases of the second, third, fourth, and fifth cim, opemng to the 
exterior by numerous fine ducts, but this account is open to doubt. 
JDwarf males have recently been described 111 Denchogaster. 
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Fig 77 

Laura geranlme A, body exposed by removal of one-half of the mantle auf, antenna ; 
j? liepatio diverticula, /, caudal furca , g b, cerebral ganglion, i, intestine, 0 opening of 
mantle , ov, ovary . d opening of oviduct , 0 <$ , opening of male ducts , sac , wall of mantle 
B, one of the papillae of the mantle vascular filaments , v, blood vessel (After Lacaze- 
Duthiers, from (Snivel's Mouographie.) 

A nauplius larva peculiar among the Cimpedia in lacking the 
fronto-lateral horns of the carapace has been observed in Law a. 
In D&ndiogaster the nauplius stage is suppressed and the larva 
hatches as a peculiar Cypi'is larva (Fig. 78, C), with only five 
pairs of biramous thoracic limbs, a long abdomen of five somites, 
stout antennules with hooks, and a very large olfactory filament 
(aesthetasc). There are no eyes, and the gut already sends a 
diverticulum into each valve of the shell 
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Morphology of Apoda 

This order was established by Darwin for the reception of a 
single species, Pioteolepas bu'incta , of which he found a solitaiy 
specimen parasitic within the mantle -cavity of a pedunculate 
Cimpede, Alepas coinuta, fiom the West Indies. No further 
specimens have been seen by later investigators 

Pioteolepas (Fig T9) is referred to the Cirripedia mainly because 
it possesses adhering antonnules which agiee minutely with those of 



Fio 78 

Dendrogastc > ustcrlcola A, joung specimen , B, older specimen, 0, Cuprti larva, o'. 
antemmle , «e, nesthetnsc , ubil, abdomen , br , aupra oesophageal ganglion , /, caudal furca , 
me, mouth cone , p, rudiment or penis, et % stomach, Bending a di\ erticuliun Into the Hhell- 
lalve , i u, central nerve-masa. (After Kuipowitscli ) 

noimal Cimpedes It differs most conspicuously in the absence of 
any trace of a mantle and of thoracic limbs 

The body is elongated and maggot-like It is divided into 
eleven segments, but as one of the segments is m fiont of that 
bearing the antennules, it seems clear that this segmentation docs- 
not exptess the number of true somites piesent. The mouth-parts, 
borne on the first “ segment,” seem to be adapted for piercing and 
sucking The labrum partly ensheathes the gnathites, of which 
theie appear to bo two pairs, turned outwards, and serrated on the 
outer margin From the dorsal surface of the second segment* 
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proceed two ribbon-like filaments (Fig 79, A, ant), beanng at the 
tip the larval antennules, which agree m structure, as already 
noticed, with the type usual among normal Cirnpedes The six 
following “segments” were regarded by Darwin as thoracic and 
the three lemaimng as abdominal All of them are devoid of 
any tiace of appendages 

The alimentaiy canal is greatly reduced According to Darwin, 
only the oesophagus is present, and there is no trace of stomach, 
rectum, or anus The ovaries lie at the sides of the anterior part 
of the body and the testes posteriorly The vasa defeientia unite 
to open at the tip of the abdomen There is no penis 



Fio 70 

Piotcn/ejMit Lutlndit A, the entire animal , an/, antennules , B, buccnl cone , cc, cement 
tilanrl, p p, penial papilla, tea, testis , v a, seminal \Ps!ole B, diagrammatic plan of month- 
piitH , f w, upper Up , i/itZ, mandible , mx, maxlllula , iruf, maxilla. C, mandible and maxlllula 
sepm-ntod , »?, nmncle (After Darwin, from Gruvel’s Monograplih ) 


While Darwin was unable to investigate tbe development of 
the species, Hansen has recently conjecturally referred to the 
Apoda certain nauplius larvae obtained in various parts of the 
Atlantic Ocean and the Baltic, while more ' recently similar larvae 
have been found in the Adriatic Sea In late nauplius Btages of 
this type rudiments of paired compound eyes and of six pairs of 
thoracic limbs are visible, so that it can baldly be doubted that 
they belong to some form of Cirnpede On tbe other hand, they 
differ markedly in the absence of antero-lateral horns and of frontal 
filaments, in the shape of the body, and especially of the strongly 
developed dorsal shield, and m other characters from the known 
Cirnpede larvae, which, as already indicated, show great uniformity 

9 
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of structure throughout the group. After a careful discii* 
all their chaiacters, Hansen considers that they must m all 
bihty belong to the Apoda, and he considois that the * 
examined by him includes at least ten species 


Morphology of Rhizocjephala 

The Rhizocephala are an exclusively parasitic group, 
all infesting Decapod Crustacea, and are distinguished fr 
normal Cirripedes by the complete loss m the adult stat< 
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A, bnceulliuicctTclni in position on tlio detached abdomen of the crab , one Bide of 
Iiilh been removed fat, intestine of the host, surrounded by the roots of the pc 
mantle , mesentery , o, opening of mantle-cavity , nv, egg-masHes in m an.tr lo 
peduncle, v in, visceral moss , 9, opaning of genital atrium, the outline of bill 
gland is seen surrounding it The outline of the testis is seen above, a little to tltia 
peduncle. B, vertical section of Stuit.nlin(L at right angles to the plane of tlio 
(semi-diagrammatic) , at, genital atiium, 0, nerve-ganglion , gl , colleteric gland oi 
genital atrium , ovy , o\ ary , i , absorptive roots , t, testis , other letters asm A. (Afi 

traces of segmentation and of appendages, and (excluding 
present the doubtful Sphaewthylacus) by the absence at all e 
life of an alimentary canal. 

The body (Fig 80 , A) has the form of a simple sac 
by a short peduncle, from which root-like processes ramify- i 
out the body of the host These absorptive roots appet 
absent m the aberrant genus Duploihs The visceral mass, 
proper, is completely enveloped by the mantle, which has s 
aperture (a) capable of being closed by a sphincter mus< 
Syhn the opening is double, and in Glistosawus and DupZ< 
mantle-cavity is completely closed. The mantle is attach e, 
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visceral mass by a narrow mesentery (mes), near to which on each 
side are the paned (more rarely unpaired) openings of the male 
and female generative organs In the different genera the external 
form vanes considerably, and with it the position of the mesentery 
and of the genital apertures. In Peltogast ei (Fig 81, B), which 
may be regaided as the most primitive form, the body has an 
elongated sausage-shape, with the mantle-opening at one end, and 
is attached by the peduncle about the middle of its length The 
mesentery is longitudinal on the proximal side (next the peduncle). 
The genital apertures are placed on each aide close to the mesentery, 
the female opemngs being nearer the end where the opening of the 
mantle is situated Comparison with a normal Cirnpede (Fig 81, 
A), especially as regards the position of the genital apertures, 
suggests that the mesentery is on the doisal side, and the mantle- 
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Diagram to illiwtrftte coinparlaon of Rliizocephalu with noimnl Cirripede A, Lepw* , B, 
Pcltoflutftcr , C, SacuiUnu m, mautlo , virs, mBSfratery , n, nen e-gaiigllon , o, opening of mantle- 
iiiivlty male yGiieratna upertura , female generative aperture 


opening at the antenoi (or rostral) end In Saccuhm (Fig 81, C), 
which is parasitic on Brachyuia, the whole body is flattened 
in the plane of the mesentery, and has assumed a secondary and 
superficial bilateral symmetry about a plane at right angles to 
this and coinciding with the median plane of the host. The 
mantle-aperture is in the middle of the distal edge, and the 
mesentery has suffered a con esponding displacement, extending 
from the mantle-opening to the point of attachment of the peduncle 
on the side which, m the natural position, is turned towards the 
light side of the host The genital opemngs, except that they aie 
more widely separated from each other, occupy the same relative 
positions as in Peltogaster In other genera, such as Lei naeodiscus 
and Ti'umgulus , the symmetry becomes still more complicated, and 
m Ckstosaccus and Sylon the genital organs are unpaired 

The peduncle perforates the integument of the host and gives 
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off on the inside the absorptive loots which, in the case of Sacculwa , 
penetrate into all the organs of the host, with exception of the gills 
and the heart, and extend to the terminal segments of the legs and 
into the antennules and eye-stalks The roots are covered by a 
very delicate cuticle, beneath which is a layer of hypodermic cells, 
and the in tenor is occupied by reticular connective tissue, only the 
largei trunks having a central cavity At the tips of the rootlets 
in Saccuhna the outer layers aie invaginated to foim a cavity known 
as the “lagena.” In the genus Duploibvt, where the root-system 
appears to be absent, the peduncle is hollow, its cavity communicat- 
ing with the closed mantle-cavity and opening at the other end into 
the body-cavity (haemocoel) of the host 

Internal Anatomy — Apart from a single nervous ganglion (Fig 
80, B, g) which lies close to the mesentery near the female genital 
openings, the only organs present aie those of the generative 
system The ovary (ovy) is divided into two much-lobed masses 
united by a median portion and giving off on each side a short 
oviduct, which widens into a “ genital atrium ” (at) before ojiening 
into the mantle-cavity The walls of this atnum, as in the nonnal 
Cirnpedes, aie glaudular, often growing out into blanched tubnlai 
glands (gl) (“colletenc " glands) supplying the material of the 
envelopes within which the eggs are packed m the mantle- cavity 
In Saiculma, the egg-masses are letained in position by barbed 
spines (“letinacula”) grouped on papillae on the lining membrane 
of the mantle. 

The testes (t) have each the form of an elongated sac narrowing 
towards a short vas deferens. The spermatozoa are filiform and 
actively motile. 

F Muller was the first to suggest that the Cyjvis larvae, which, 
as Lilljeborg had previously observed, are often found attached 
near the mantle-opening of young specimens of Pdtogastci , might bo 
complemental males. Delage accepted this interpretation for the 
kuvae which he observed in the same position m Saccvhnti, but he 
was unable to obtain them alive or to observe any trace of male 
organs At this stage the mantle-op eiung is still closed by a plug 
of chitin, and it is difficult to see how fertilisation could be effected 
G- Smith, who has recently investigated the subject, finds that the 
Larvae die very soon after they become attached, without developing 
fuither In only one instance did he find evidence of what seemed 
to be an abortive attempt of the cellular contents of the larva to 
pass into the tissues of the mantle in the way in which the contents 
of the larvae pass into the host in the ordinary course of develop- 
ment. G Smith believes the attachment of these larvae to be an 
atavistic phenomenon , that the larvae are, in. fact, vestigial male 
individuals The same observer has found in the mantle-cavity of 
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JJuploibis what appear to be extremely degraded, but still functional 
male individuals In this genus the usual testes are absent, as they 
are also in Si/lon, but in the latter no male individuals have been 
found, and parthenogenesis may perhaps occui 

Development of Rhizocephala 

The development has been most fully worked out in the case 
of Saccuhna by Delage, whose results have been confirmed and 
extended by G- Smith The larva is hatched in the form of a 
nauplius (Fig 82 , A) showing a general lesemblance to that of 
the normal Cirripedes, but diftermg in having no alimentary canal 
The fronto-lateral horns are well developed and each contains a 
pair of gland-cells (gl). A process on the ventral side, called by 
Delage the rostrum, appears to represent the labrum, but there is 
no mouth Posteriorly the body terminates in a caudal furca 
The three pairs of limbs have the usual foim, but the second and 
third pans are without the masticatory hooks found in the normal 
Cirripedes Frontal filaments (fs) are piesent, as is also the un- 
paired eye (ua) resting on a cerebral ganglion I11 the later stages 
the thoracic somites and their appendages become differentiated 
within the posterior part of the body, not foiming a postero- 
ventral process as in the normal Cirripedes 

The Cijpns-at&ge (Fig 82 , B) agrees in all essentials with that 
of the normal Cirripedes except for the absence of a mouth and 
alimentary canal, and the vestigial condition of the mouth-parts 
The fronto-lateial glands (gl) open in the usual position near the 
margin of the valves of the shell The antennules consist of three 
segments only, and are without any adhesive disc , the terminal 
segment bears two appendages which are probably sensory and 
a backwardly curved filamentous process which is stated to be the 
organ of attachment The six pairs of thoracic limbs have the 
protopodite not distinctly segmented and the exopodite and en- 
dopodite each composed of two segments The abdomen (ab) 
is unsegmented and terminates in a pan of fur cal appendages 
The unpaired eye persists, but beyond the muscles for moving 
the body and appendages no other internal organs are differentiated 
It is worthy of note that there appeal to be no cement-glands 111 
connection with the antennules. 

After a free-awimmmg hfe of thiee or foiu days, the Cypus 
larva becomes attached to the host In the case of Peltogasta, 
which mfests hermit-crabs, it is probable that the larva settles at or 
near the spot where the adult aftei wards appears 011 the hosts 
abdomen. In Saccuhna , which attacks Brachyurous crabs, however, 
the place of attachment of the larva has no relation to the place of 
emergence of the adult parasite, the latter being always found undei 



, 34 THE CRUSTACEA 

tlio crab’s abdomen in a position inaccessible to tlie lai'i n -A.s a 
rule, the crab is attacked when the integument is still soft aftei 
eedysis, and the laivae may attach themselves at any point on the 
dorsal surface of the carapace or on the limbs, at the’ base of one of 
the large setae where the articular ring of nncalcified cuticle allows 
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Lanai stagas of & nci vllna winul A, wiuplluh a1t+M tlio IliHt moiilU B, fluu hwimndng 
CjfprU-Bta.ge C, Cjipriu atngc after attachment to u seta (hh) ol Lhn lioHt D, loruiftl Ion ol tin’ 
Kentrogon lann E, Kontrnqon Ntnge, after tlio Cjtjtiln mIioII linn hern uwt off and tlio “dait" 
lias been iormed F, penetration of the dart through the i uticlo or the hunt, 1, i2, il, tlio Uihmi 
pairs of naupllus-llmba I VI, thomifc. limbs uh, alKlomon hb, seta ot tlie IkjhI , /,' iUt- 
globules , / 8, frontal senne-orgim gl, glands of tlie iintei ndnternl linuiH , m», iiiahh ot muHodHi in 
cells regarded by DBlage as tlie rudiment oT the ovnn , ]if “ dart" , ifff, nnnplIUN-rj p (Aflei 
Delage, from Kornchelt and Heider's Etithryfdogii ) 


more easy penetration (Fig 82 , C) Only one of tlie fintennules 
is used for attachment, the filamentous process of tho toiminal 
segment clasping the base of the hair The whole of tlio thoracic 
region of the larva, with its appendages and muscles, now becomes 
detached and is thrown off, and later the bivalve shell is also 
shed, while the contents of the antenoi region of the body become 
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retracted and enclosed 111 a new cuticle, remaining connected only 
with the antennule which is fixed to the host (Fig 82, D). Within 
the sac thus formed, a tubular chitmous organ known as the “ dart ” 
becomes differentiated At first the dart is mvagmated into itself, 
and in connection with it a second cuticular sac becomes separated 
within the first. The larva at this stage was designated by Delage 
the “ Kentrogon ” (Fig 82, E) The point of the dart lies withm 
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Sections through successive stugcs in development of the “nucleus’ of the S ncLuhna 
interna am, outer layer of mantle, Im, inner lajer of mantle, m, mesoderm cells, o, 
aperture of invagination of perlsomafclc cavity, not shown in B , ov, rudiment of o\ar\ , p, 
perisomatic cavity (After Deloge, from Korschelt and Heider's Embrj/olog)/ ) According 
to G Smith, the mantle cavity in ulrcadj established when the imagination to form the peri- 
somatic cavity takes place as in A. 


the fixed antennule, and when fully formed it becomes evagmated 
and forces its way through the cuticle of the host (Fig S2, F) 
Through it the contents of the sac, consisting of a mass of 
undifferentiated cells surrounded by an ectodermal layer, pass into 
the body-cavity (haemocoel) of the crab, and become what Delage 
called the Sacculma interna Probably the mass of cells is at 
first carried passively by the blood-currents of the host, but it 
ultimately becomes attached to the lowei surface of the intestine 
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immediately behind the stomach. It now begins to send out 
processes which branch to foim the absorptive loots, while the 
mam part of the embryo glows backwards along the intestine 
towards the point at which emergence of the adult Sacmlvn t 
takes place A thickening near the growing border foims 

n b 



Fig *4 


Latui htngea In tlin (Imnlopnn'iit of bon tihnu A, bon nllun liiturnrt fully fuiiimrl 11, 
StiawUuu utter nit just nftu omartfimcG from tlio body of tin) IiohL a, gpnltal iLtimni, if w, 
outer layer of mantlu, 7J, basal plate , b, umntle cavity, O, ceutial tuniom , tl, opening ol 
mantle cauty, D, InteHtiiuil wall of host, *h t colleti rlc tflniul , oiwuing ot pei iHomatlc 
ca\ity, (t, nnn e ganglion , mi, Iniii'i la\ei or mantle integument ol linst, ov, mmy , ji, 
periHnmatie lu\ iby , vv, ectodi nn or \ tati'inl mass , Ji t roDt-pi-ou hkuh , /, tostis (Alii i lielagu, 
from Koisclielt ami llelilfi * htuhi ifnlugit ) 

the first ludiuient of the organs of the adult, and is known us 
the “nucleus” (Fig S3) Within this the man tie- cavity arises by 
delamination, and an outer cavity concentric with it, the “pen- 
somatic” cavity (p), is formed (according to G Smith) by an in- 
vagination of ectoderm When the young Sitcnihua is completely 
formed (Fig 84, A) it has been earned by its backward growth 
into the abdomen of the host, wheie it lies very close to the vcntial 
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integument. Its presence causes a degeneration of the musculai 
and hypodermic tissues between it and the external cuticle, and 
at the next moult of the crab a hole is left through which the body 
of the parasite, protruding from the pensomatic sac, emerges on 
the surface (Fig 84, B) The mantle-opening is at fiist closed by 
a plug of chitin, but in other respects the young Sacculina c.Ueinu 
has aheady the essential structure of the adult 

The development of Peltogastw seems to follow much the same 
course as that of Saccuhna , except that no pensomatic cavity is 
formed In this genus also the paiasite penetrates the cuticle and 
leanhes the exterior without any moult of the host Very little is 
known of the development in other genera of Rlnzocepliala In 
the genus Thompsonm the larvae are stated to leach the Cijpn 
stage while still within the mantle-cavity of the parent 

Appendix to Rhizocephala 

The genus Sphaci othylacus, described by Slmtei, is parasitic on 
a simple Ascidiah (. Polycaipa ), living attached by lamifying loots to 
the inner wall of the branchial sac The globnlai body is enclosed 
m a mantle which has a small opening Theie are no appendages, 
but there is a complete alimentaiy canal with mouth and anus, the 
latter near the mantle-opening The two ovanes each consist of 
two long caeca which unite to open, 'with those of the opposite side, 
into a common atnum near the mouth, sui rounded by a mass of 
glandular tissue, no doubt representing the colletenc glands The 
testes are paired simple tubes, opening close to the anus The 
nauplius larvae differ from those of the true Rlnzocepliala in the 
absence of fronto-lateral horns 

The genus Sarcotaces , Olsson, comprises two species which live 
embedded in the muscles of fish Their structure is ^eiy imper- 
fectly known, but an alimentary canal is said to be present and 
theie aie no “roots” The nauplius larva is without fionto-lateial 
horns 

The systematic position of both genera is quite obscure, and 
only further investigation can determine what 1 elation, if any, they 
bear to the tiue Rhizocephala 

Remarks on Habits, etc , of Cirripedia 

The Cimpedia are exclusively marine, only a veiy few 
species penetrating into brackish water In con elation 'with 
their sedentary habits the non - parasitic Cimpedia have 
developed a peculiar method of feeding by sweeping the water 
for floating particles of nutriment, with a net formed by 
the tendril- like branches of the thoracic limbs Most species 
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are attached to locks, seaweeds, etc , at the bottom, but the species 
of Lcpas and other genera are found on floating timber and ships 7 
bottoms, while in L fascicular i*, the colonies of which gather 
round small floating objects such as dead Vclellac or S 'pirula 
shells, additional buoyancy is gained by a vesicular mass of secretion 
fiom the cement-glands Many Operculata are found attached to 
or embedded in corals, while the pedunculate Lifhofa i/a and the 
Acrotkoiacica burrow into corals and the shells of Mollusca 
Various species of Pedunculata and Operculata are constantly found 
attached to laige marine animals such as whales, turtles, and sea- 
snakes, or to the limbs and gills of large Decapod Crustacea I11 
the case of the opercnlate Tvhicmella , found on whales, the shell 
becomes deeply embedded 111 the epideimis of the host The 
line dividing commensalism fiom parasitism is definitely crossed by 
the pedunculate Anelasma, 111 which the mouth-parts and limbs are 
reduced, and the peduncle, embedded in the flesh of a shark, 
absorbs nourishment by ramified “ roots ” From this it is but a 
step to the paiasitic and degenerate PJuzocephala, of which the 
habits have alieady been indicated 

The smallest Cirnpedia aie found .among the Acrothoracica, some 
species of which are only two 01 three millimetres in length Most 
of the Thoracica are much laiger, the bulkiest being Balanus 
psittaciiSj of which the shell is stated to reach nine inches m height 
by two 01 three niches 111 diameter The peduncle of Lepas 
anattfeni ma} r grow to 16 01 18 inches long 


Palaeontology 

The characters and phylogenetic importance of some of the 
Palaeozoic Cirnpedia ha\e alieady been alluded to It may be 
added that, like Fulliapes , the still existing genus Scctlpellum dates 
back to the Silurian, and that both ai e well represented in the later 
Secondary rocks Of the extinct genem, the Palaeozoic Turnlepaa 
and the Cietaceous Lonnihi , alieady mentioned, are the most 
important The earliest undoubted Opei culate is Vei rucu (Asym- 
metrica) from the Upper Cretaceous Many of the existing genera 
of Pedunculata and Operculata are found fossil 111 Tertiary 
deposits 


Affinities and Classification 

The gieat structural difteiences separating the Cirripedia from 
the other Crustacea show that they must have diverged very early 
from the main line of Crustacean descent. The simple biramous 
foirn of the trunk-limbs and their number have been regarded as 
indicating an affinity with the Copepoda, but there is little else to 
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upporb this view Tho lesemblance of the bivalved shell of the 
h/prh larva to that of an Ostracod extends to such character 
s the asymmetry of the valves and the presence of fronto-lateral 
lands near the margins of the shell , but the rest of the orgamsa- 
1011 differs widely from that of the Ostiacoda Among the 
haracters which are probably significant of the isolated position 
f the Cirnpedia are the diffeience in position of the genital 
pertures 111 the two sexes and the fact- that the female openings aie 
•laced faither forward than in any other Ciustacea The nature of 
he laival development, especially the sudden transition between 
he shaiply contrasted nauplius and Cyprus stages, indicates a 
igh degree of specialisation, and the structure of the adult animals 
*> m many respects so clearly correlated with the sessile habit and 
he mode of obtaining food as to afford little help m deciphering 
heir phylogeny It may be noted lieie that, like other groups 
•f sedentary organisms, the Cirnpedia show a tendency to the 
ssumption of a superficial radial symmetry, which becomes very 
iiarked m the Operculata. 

The Cirnpedia were divided by Darwin into three orders, 
1 horacica ) Abdominalia, and Apoda The order Abdominaha 
ontamed tho single genus Cryptopfoalus , which Darwin, misled by 
superficial segmentation of the body, supposed to possess ap- 
iendages on the abdominal region It lias been shown, however, 
hat the appendages 111 question are really thoracic, and that 
h yptophutlvs does not differ in this respect from Alappe , which 
)arwm (although recognising the resemblance between the two 
enera) placed among the Thoracica In the classification of 
Iruvel, adopted here, these two genera and some allied forms are 
;iouped together as Acrothoracica, but it is to be noted that the 
lifferences separating this order from the Thoracica are piobably 
ess important than those distinguishing the other orders, and 
hat the recently^ described Koleolepas of Stebbmg helps to unite 
he two 

The genus Piotcolepas, the sole representative of the ordei 
Vpoda, is still known only from Darwin’s description of a single 
pecimen and its affinities are obscure In the absence of a mantle 
b differs widely from all other Cirnpedia 

The Khizocephala are plainly characterised as Cirnpedia by 
heir larval stages, but much remains to be done in elucidating the 
elationships of some of the genera at present referred provisionally 
0 this order The Ascothoracica form another older, established 
ince the date of Darwin’s woik, but many points in their morpho- 
ogy and development are still too imperfectly known to allow of 
heir systematic relations being precisely defined 
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SUB-CL4SS Cirripedia 
Order 1 Thoracica. 

A mantle present Six pail’s of cimfoim t milk -append ages. 

Sub- Order l Pedunculata. 

Peduncle and capitulum distinct Outer plates of shell, when prcsont, 
not foiming a “walL” 

Family Lepadidae Leyas, Linn (Fig 57, A) , Dichelaapis, Dm win , 
Pulhcipes, Leacli (Fig 60), Scalpcllim , Leach (Fig Gl), Ihla, LeaJi (Fig 
71), Lttliotrya, Sowerby , Conchoderma, Olfens , Alepas, Rang , Andusvut, 
Darwin (Fig 68), Kolcolepas , Stebbmg 

Sub-Order 2 Operculata. 

No peduncle Scuta and terga forming a movable operculum Outei 
jilates ot shell coalesced to foim a “ wall ” 

Tribe 1 Asymmetrica 

Scutum and teigum of one side movable, without depiessor muscles. 

Family Verrucidaf Venuca , Sclium 

Tribe 2 Symmetrica. 

Scuta and terga of both sides movable, with dcpressoi muscles. 

Family Balanidae Balanus , , Lister (Fig 57, B) , ( Joumuht , 
Lamaick , Tubicinella , Lamarck, XenobalaniLS, Steenstrup (Fig 65), 
Elmuuus , Leach, Pyrogoma , Leach Family Chthamalidae Chtha- 
malus, Rauzani, Catoplu agm ks, Sow erby (Fig 62), Odomens, Sowerby 

Order 2 Acrothoracica 

A mantle piesent Tiunk- appendages leduced m number, the 
postenoi paus widely separated from the first pan* 

Family Alcippid\e Alappe, Hancock (IVypetcsa, Norman) (Fig 72) 
Family Kochlorinidae Kochlorme , Noll Family CnYPTOPtiiAUiDAE 
Cnjptoplnahis , Dai win 

Order 3 Ascothoracica. 

Mantle containing diveiticula of alimentary canal Trunk -append- 
age-i moie or less reduced. 

Family Lauridae Laura, Lacaze-Dntlneis (Fig 76' Family 
Synvgogidae Synagoga , Norman Family Petrarcidae Pctiaica, 
Fooler Family Dexdrogastridae Dendi ogasta , Knipowitsch (Fig 

Order 4 Apoda 

Mantle absent No ti link-appendages. 

Family Proteolepadidae Protcolcpas, Danvm (Fig 79) 
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Order 5 Rhizocephala. 

Mantle piesent No appendages nor alimentary canal A system 
absorptive roots nearly always piesent 
Families not defined Probably several should be recognised Pclto- 
ster, Ratlike , Saccidma, Thompson (Fig 80) , Sybil, Kroyer , Glistosai- 
3, Lilljehoig , Lemaeothsciu , F Muller, Tnangidus , Smith, Diiploibis T 
11 th , Thompsoma , Kossmaun 
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CHAPTER VI 


THE MALACOSTRACA 

Sub-Class Malaoostraca, Latreille (1806) 
Series I Leptostraca 

Division Phyllocarida 


Order Nebaliacea. 

Series II Eumalacjostraca 

Division 1 

Syncarida 

Order 

Anaspidacea 

Division 2 

Peracarida 

Order 1 

Mysidacea 

2 

33 

Oumacea. 

„ 3 

Tanaidacea. 

„ ^ 

Isopoda 

„ 5 

Amphipoda. 

Division 3 

Eucarida 

Order 1 

Euphausiacea 

2 

33 - 1 

Decapoda 

Division 4 

Hoplocarida 


Order Stomatopoda 


Definition — Crustacea in which the carapace is variously 
iveloped or may be vestigial, there are typically fourteen (raiely 
teen) trunk - somites, all of which (except the fifteenth) bear 
ipendages , the telson rarely has a caudal furca , antennules often 
ramous , the mandibles may have a palp , the trunk-limbs are 
fferentiated into two tagmata, a thoracic of eight and an 
•dominal of six pairs, female genital apertuies on the sixth, 

143 . 



144 


THE CRUSTACEA 


male apertures on the eighth trunk-somite , paired eyes usually 
present, development usually with metamoiphosis, young laioly 
hatched m nauplius stage 

The sub-class Malacostraca includes such a dnorsityof foinis 
that it will be necessary to deal more fully than in the case ot tlic 
other sub- classes with the separate ordeis composing it Befoie 
doing so a brief account must be given of the genoial type of 
organisation found throughout the sub-class 

Apart from the fixed number of somites, to which the Leptosti aca 
offer the only exception, the most characteristic feature of the 
Malacostraca is the separation of the trunk -limbs into sharply 
defined thoracic and abdominal tagmata This, togethci with the 
constancy in position of the genital apertures, on dificient somites 
in the two sexes, is sufficient to demonstrate the unity of the 
sub-class. 

Leaving the Leptosti aca aside for the present, the more pnmi- 
ti\e members of each of the 11 divisions ” m the schemo of classi- 
fication here adopted approximate to a common type ot structiue 
from which the more specialised members of each group diveigo 
veiy widely Thus, the possession of a carapace enveloping tho 
thoracic region, movably stalked eyes, biramous anteimules, a 
scale-like exopodite on the antenna, natatory exopodites on the 
thoiacic limbs, an elongated and ventraUy flexed abdomen, and a 
“ tail-fan ” formed by the lamellar rami of the last pan of append- 
ages spread out on either side of the telson, are characters common 
to the Mysidacea, Euphausiacea, and the lower Decapoda, and, 
with some modifications, to the Anaspidacea and Stomatopoda It 
seems leasonable to suppose that this combination of character, 
making up what has been called the “candoid facies,” must bo 
attributed to the hypothetical common stock of the Malacostiaea. 
At all events, it is possible to represent, in diagrammatic fashion, 
a generalised Malacostracan which serves as a convenient summaiy 
of the morphology of the group (Fig 85) Some of the chaiacteis 
of this type require to be considered in more detail 

The antennulc, as already stated, is biramous, having two 
flagella springing from a peduncle of three segments Since the 
anteimules in the other sub-classes are always uniramous, iis they 
aie m the nauplius, it seems probable that the two flagella do not 
represent the endopodite and exopodite When only one flagellum 
is present in the Malacostraca it is the outer which persists, and 
it alone, as is shown by the sensory filaments which it carries, 
corresponds to the Bingle ramus of the other sub-classes. In ceitam 
Decapoda (Candea) and m Stomatopoda there aie three flagella, 
the outer flagellum being divided into two. 

The protopodite of the antenna is composed of two or of three* 
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segments According to Hansen the latter number is, here as 
elsewhere, the more primitive The endopodite is flagelliform, and 
the expodite has the form of a plate, the so-called “ scale 33 or 
“ squama,” probably of use in swimming As a rule the first three 
segments of the endopodito are enlarged and are counted with the 
two (or three) segments of the protopodite as forming a five- (or bix-) 
segmented peduncle 

The mandible has a “palp” of three segments, never biramous 
The oral edge of the mandible is more or less distinctly divided into 
a “molar process 3 ’ and an “incisor process, 33 and between them is 
armed with bristles or spines An accessory blade, the lacinia mobilis , 
lying close to the cutting edge of the incisor process and apparently 
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Diagram of a general wul tjpe of Mnlacostraea allowing tlie “carldoid laelea ’ n\ antennule , 
i ,# antenna, aM sum, ubrloinlnnl noiniteH , o, carapace , e, eje, cr, e\opodite of antenna, md, 
miruUble , mr', maxillula , mix", maxilla , pleoporlrt , r, rostrum , t , telnon , th npp, thoracic 

ppendagefl , unrji, iirojKHls , <$ aurl 9 indicate tho positions of the genital apertures In the 
nale and female se\ rcnpetti\elv 


ormed by the enlaigement of one of these spines, is found in some 
f the orders, and is perhaps also a primitive character 

The maxillulae have two endites and a “ palp 33 of several 
sgments According to Hansen, whose investigations on the 
celetal framework of the mouth-parts will be often referred to, 
le two endites belong to the first and third segments of the 
ipendage, a small sclente winch Hansen supposes to represent 
to second segment having no endite m connection with it An 
rite, m the form of a rounded plate, may be present ; according 
Hansen it belongs to the first segment The maxillae are more 
mplex m form and the primitive plan of their structure is not 
ute clear Apparently there are two endites, each of which is 
id, corresponding to the second and third segments, and a palp 
one or two segments 

The thoiacic appendages (Fig 86) are all similar, none of them, in 
i primitive type, being differentiated as maxillipeds Each has a 
>topodito of two segments, the coxopodite and basipodite, with, 

io 
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according to Hansen, a pre-coxal segment (plonropodito of Couticru) 
which is distinct only in the Leptostiaca and Stomal opoil.i Tho 
axis of the limb is continued by the ondopodito which foiniR an 
ambulatory leg, while the flagelhfoim cxopodito is used for 
swimming There are live segments in tho endopodito, termed 
by Milne - Edwards respectively the ischiopodito, meiopoditc, 
carpopodite, propodite, and dactylopodito (often abhieviated to 
ischium, merus, caipus, propodus, and dactylus) Hanson con- 
siders that the terminal claw which is sometimes distinct fiom the 
dactylopodite represents an additional segment, making, with tho 
pre-coxa, nine segments m the axis of tho limb instead of tho 

seven usually recognised It seems 
probable, however, that, tins claw 
(termed- stylopodito by Oonti&ro) is 
simply an enlarged spine and not 
ono of the segments of tho limb 
At the bases of the thoiacic 
limbs on the outor side are a Renos 
of epipodial appoudages (oxitos) 
probably originally branchial in 
function It is not quite cleai liow 
many of these uppendagos must be 
attributed to oach thoracic limb of 
the primitive type, but probably at 
least two are to bo recognised, an 
epipodite attached to the coxopodito 
and a pioepipodita to tho pre-coxal 
segment The uosfcgiieb, 01 brood- 
plates, attached to tho inner side of 
the coxopodite in the female sox 111 
some of the orders, and forming a pouch for tho protection of tho 
eggs and young, may possibly be derived from somo of those opi- 
podial structui es, as ClauB suggests Tho terminology applied to the 
thoracic limbs in systematic woiks diffeis greatly 111 tho various ordoi s 
of Malacostraca Prom one to three of the anterior pans may bo 
called maxilhpedSj the second and third pairs are m somo casos known 
as gnathopods , and the last five pans are often termed paHtrtrpnrh I 
The abdominal appendages are all biramous and are used m 
swimming, but the sixth pair differ in form and function from the 
others The first five pairs are known as pleopods. They have tho 
protopodite composed of two segments (occasionally there are 
traces of a third), and the rami are fringed with ]ong setae and 
assist the thoracic exopodites in the ordinary swimming move- 
ments of the animal. The appendages of each pair are coupled 
together by a group of hooked spines (retinacula) either on the 
inner edge of the protopodite or on a special process of the 
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Diagram of a Malncostracan thoracic 
appendage, bs, ba^ipodlte , carp, carno- 
podite, cx, coxopodite, duct, dactylopodite, 
en. endopodite , cp, epipoditea , fir, e\opo- 
dlce , iscA, fsclifopodite , mcr, meropodite , 
prop, propodite , prat, protopodite 
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endopodite known as the appendix into net The sixth pair of 
abdominal appendages, known as the uropods , are larger than the 
others, with a short, unsegmented protopodite and broad lamellar 
rami which lie at the sides of the telson and form with it the 
“ tail-fan ” which is used in swimming, or rather springing, back- 
wards by sudden flexion of the whole abdomen 

The Leptostraca alone among the more primitive orders of 
mating Malacostraca stand apart from the scheme outlined above, 
md seem to have diverged from the mam line of Malacostracan 
lescent befoie the assumption of the candoid form Their 
jystematic relations will be discussed more fully later 

Classification of the Malacostraca 

The group Malacostraca, established by Latreille m 1806, has 
)een accepted as a natural division by nearly all subsequent 
vnters Almost the only divergences of opinion as to its limits 
lave had reference to the Leptostraca, which many zoologists 
ollowmg Milne -Edwards have referred to the Branchiopoda or 
Lave regarded as occupying an intermediate place between 
•lalacostraca and “Entomostiaca ” Claus’s investigations on the 
tructure of Nehalta , however, have been generally accepted as 
emonstrating its Malacostracan affinities In the arrangement 
ere adopted (following Grobben) the order Nebaliacea is mcluded 
nthin the sub-class Malacostraca, but its distinctness from the 
ther orders is marked by placing it in a separate division 
Leptostraca) opposed to the other orders grouped together as 
lumalacostraca 

In the arrangement of the Eumalacostiaca most carcmologists 
itherto have followed the lines laid down by Leach, who, m 1815, 
mded the group into two legions — the Podophthalma and the 
driophthalma — according to the condition of the eyes, movably 
edunculate in the one and sessile in the other As originally 
efiued, the two groups were also distinguished from each other 
y the presence m the Podophthalma of a carapace which was 
isent m the Ednophthalma, this character giving occasion for the 
imes Thoracostraca and Arthrostraca applied to the same groups 
Y Burmeister m 1834 The progress of lesearch, however, 
mdered it increasingly difficult to frame satisfactory definitions 

the two divisions Thus, the sessile-eyed Tanaidacea were 
und to possess a true, though reduced, carapace, while the 
umacea were still more plainly intermediate between the two 
■oups The recent discovery of the very remarkable genus Anaspides , 
hich has stalked eyes but no carapace, and the closely allied 
oonunga with sessile eyes, makes the retention of the old arrange- 
ent quite impossible. 
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An important departuie from the line of classification generally 
followed was made in 1883 by Boas, who showed that the order 
“ Schizopoda ” as then understood comprised two very different 
groups, which he separated as distinct orders, the Euphausiacea and 
Mysidacea Boas discarded the old divisions Podophthalma and 
Ednophthalma, and divided the Malacostiaca into seven orders, 
Euphausiacea, Mysidacea, Cumacea, Isopoda, Aniphipoda, Decapoda, 
and Squillacea (or Stomatopoda) Hansen, in 1893, earned the 
reform of the classification a step fiuther Setting apait (as 
Huxley had previously done) the aberrant Stomatopoda, as well 
as the Leptostraca, he showed that the lemaining Malacostraca 
fell into two well-defined groups, the line of division passing 
through the old order Schizopoda, on the one side he placed the 
Euphausiacea with the Decapoda, and on the other the Mysidacea 
with the Cumacea and the Edriophthalmate orders Tanaidacea, 
Isopoda, and Amphipoda The classification adopted heie is 
essentially that of Hansen, as modified and extended by the 
present writer m 1904 

It will he convenient to give here definitions of the main 
groups into which the Malacostraca aie divided The orders will 
be considered m greater detail m the subsequent chapters. 


Sub-Class Malacostraca. 

Series I Leptostraca, Claus (1880) 

Abdomen of Beven somites, the last of which is without appendages, 
and a telaon bearing a pair of movably articulated furcol lanu , an 
adductor muscle runs between the two valves of the carapace , thoracic 
limbs all similar, more or less foliaceous, with protopodite of three 
segments 

Series II Eumalacostraca, Grobben (1892) 

Abdomen of six somites (the number may be reduced by coalescence), 
the last of which typically bears a pair of appendages, and a telaon which 
never hears movable furcal rami, no adductor muscle of the carapace; 
thoracic limbs rarely all similar (Euphausiacea), typically pediform, 
protopodite of two segments except 111 Stomatopoda 

Division 1 Syncarida, Packard (1886) 

Carapace absent , first thoracic somite fused with the head or defined 
therefrom by a groove , protopodite of antenna of two segments , mandible 
without lacima mobilis , thoracic legs flexed between fifth and sixth 
segments , no oostegiteB , no appendix interna on pleopods ; hepatic 
caeca numerous ; heart much elongated, tubular 
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Division 2 Pjchacarida, Caiman (1904) 

Carapace, when present, leaving at leaat four of the thoracic somites 
distinct , first thoracic somite always fused with the head , protopodite 
of antenna typically of three segments; mandible with lacinia mobilis 
(except in paiasitic and other modified forms) , thoracic legs flexed 
between fifth and sixth segments , oostegites attached to some or all of 
the thoracic limbs in female, forming a brood-pouch , no appendix in- 
terna on pileopods ; hepatic caeca few and simple , heart generally 
elongated, extendirfg through the greater part of th oracic region, or 
displaced into abdomen , spermatozoa generally filiform , development 
taking place within the brood-pouch, young set free at a late stage 

Division 3 Eucjarida, Caiman (1904) 

Carapace coalescing doraally with all the thoracic somites , eyes 
pedunculate , protopodite of antenna with, at most, two distinct seg- 
ments , mandible without lacinia mobilis 111 adult , thoracic legs flexed 
between fourth and fifth segments, no oostegites, an appendix interna 
sometimes present on pleopods , hepatic caeca much iamified, heart 
abbreviated, thoracic , spermatozoa spherical or vesicular, often with 
radiating appendages , development ns a rule with metamorphosis, a free- 
swimmmg nauplius stage 111 the moie primitive forms. 

Division 4 Hoplocarida, Caiman (1904). 

Carapace leaving at least four of the thoracic somites distinct , two 
movable segments are separated from the anterior pait of the head, bear- 
ing respectively the pedunculate eyes and the nntennules , protopodite of 
antenna of two segments , mandible without lacinia mobilis , posterior 
thoracic limbs with protopodite of three segments (the relation of the 
segments of the anterior thoracic limbs to those of the limbs in the other 
divisions is doubtful) , an appendix interna on pleopods , hepatic caeca 
much ramified , heart much elongated, extending through thoiacic and 
abdominal regions , speimato/oa spherical , development with meta- 
morphosis, a free-swimming nauplius stage is not certainly known 
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THE LEPTOSTRACA 

Series Leptostraca, Claus (18S0). 

Division Phyllooarida, Packard (1879) 

Older Nebaliacea. 

Definition — To the characters mentioned on p 148 as distinctive 
of tlie series the following may be added • Carapace present ; all 
the thoracic somites distinct , eyes pedunculate , mandible with- 
out lacima mobilis , no oostegites , first four pairs of abdominal 
appendages biramous, with appendix interna, last two pairs reduced , 
hepatic caeca few , heart elongated , development embryonic, young 
set free at a late stage 

Histmwal — The first-known member of the Leptostraca was 
the Cancel bipes of 0 Fabncius, descnbed from Greenland. Leach, 
who m 1815 established the genus Nebalia , placed it among the 
Macrura, but H Milne-Edwards, while admitting its affinities with 
Mysis, ranked it as a Phyllopod, and this view was long and widely 
held Metschmkoff in 1865, from a study of its development, 
replaced the genus among the Malacostraca as a “ phyllopodiform 
decapod ” Claus, in a series of memoirs ending with his exhaustive 
monograph of 1889, vindicated the title of Nebaha to rank as a 
Malacostracan, and placed it m a gioup Leptostraca, alongside the 
Arthrostraca and Thoracostraca The resemblance of ceitam fossil 
Crustacea to Nebaha had long been recognised, and Packard in 
1879 proposed the name Phyllocanda for the group, including the 
living and fossil genera Sara bas called attention to the similarity 
in general form between Nebalia and certain Copepoda, but Claus 
showed this resemblance to be merely superficial 

Morphology. 

The carapace (Fig 87) is compressed laterally so as to form a 
bivalved Bhell (though without any definite hmge-lme), loosely 
enveloping the thorax and more or less of the abdomen, and quite 
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concealing, in moat cases, the thoracic limbs The two halves of the 
shell can be approximated by the action of an adductoi muselo 
traversing the body in the region of the maxillae An ten oily, the 
carapace is pioduced into a movably aiticulated 1 ostial plate (/), 
not provided with special muscles but elevated or depiosscd by the 
movements of the underlying paits The cai apace is not attached 
to the body behind the maxillaiy legion, and the eight thoiacic 
somites which, except m Nebahopsi *, are veiy shoifc and ciowdod 
together, are all distinctly maiked off by giooves on the delicate 
integument Of the abdominal somites tlio fomth alone may have 
distinct pleuial plates, or these may be altogether absent The 
telson ( t ) bears the two styliform or lamellar fuioal mmi (/) 



ZcUilia blpcs, 9, from the side imtenniiln , a", fintcinm nh l, nfc«. flint nml nixLli 
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r, rostral plate , t, telson ,1,7, first and se\ enth 'ilidoniinal Homlto>s (Alim Claim ) 


articulated with it and moved by special muscles, the anus opens 
between the rami towaids the vential side 

Appendages — The antennules (Fig 88, A) have a peduncle of 
four segments bearing a flagellum of varying length and, extol mil 
to it, a movable scale It seems probable that this scalo 1 cpi csonts 
the outer ramus of the antennula of other Malacosti aca, and tlio 
occurrence of foui (instead of thiee) segments m tho peduncle is 
paralleled in certain species of Tanaidaceu 

The peduncle of the antenna (Fig 87, a") is apparently com- 
posed of four segments, of which the last two aie coalesced in 
Aebalui and Paianebaha Hansen recognises, m addition, a short 
basal segment and another, very short, between the second and 
third of the larger segments The exopodite is absent Tlio 
distal part of the endopodite forms a flagellum which, m the adult 
male, may be nearly as long as the body 

The mandible (Fig 88, B) has a strong molar process, the 
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incisor process is small and simple iii Nebaha and Pamnebaha , 
laige and toothod in Nebahdla, and absent in Nebaliopsis The 
palp is huge and has three segments 

The mavillula (Fig 88, C) has the usual two endites The palp 
is vestigial in Nebaliopsis , in the other genera it is attached to 
the distal maigin but cmves outwaids and backwaids so that the 




Fin Ss 

CVplinllc nijpandftj'ea of Ntbalhi A, nntunmilfl , B. inftndlltlo , C, marilluln , 

1), maxilla. ( Mtor Claua ) 

very long, slendei, and indistinctly segmented flagellum m which it 
terminates is directed obliquely upwards along the side of the 
thorax underneath the carapace (Fig 87, p) 

The maxillae (Fig 88, D) approximate in general form to the 
thoracic limbs, except for the absence of an epipodite There are 
generally four endites, but the distal one is much l educed in 
Nebaha and Pamnebaha. The endopodite is divided into two 
segments in Nebaha and, like the exopodite, is generally elongated 
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In Nebah&psis , however, the endopodite is a short lobe and the 
exopodite is hardly indicated 

The eight pairs of thwacic limbs are all similar, except in 
Hebahopsis , and they present considerable differences of stiucture 
in the four genera 

In Nebalia (Fig 89) the whole limb is much flattened The 
broad coxopodite and basipodite are distinctly separated, and on 
the proximal side of the former Hansen has detected a small 
pre-coxal segment To the outer margin of the coxopodite is 
attached the broad lamellai epipodite ( ep ), obscurely divided into 



Fig S r ' 

First thoracic Limb of Kclxilla en, endopodite , ep, opipodile , «■, exopodite (After ClaiiH ) 

a proximal and a distal lobe by a slight notch on the outer margin 
opposite the point of attachment The basipodite bears externally 
the oval flattened exopodite (ex) and is continued without any 
distinct line of articulation into the narrower endopodite (en) 
From the distal end of the endopodite three, or, m the case of 
the eighth pair, four segments are marked off, so that, except 
for the absence of an articulation between the basipodite and 
ischiopodite, all the segments of the typical malacostracan leg can 
be distinguished In Nebahella (Fig. 90, B) the epipodite is absent, 
the exopodite has moie numerous marginal setae, and the articula- 
tion between the basipodite and ischiopodite is more distinctly 
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marked In Pamnebalm (Fig 90, A) the endopodito is long and 
slender, projecting beyond the edges of the carapace 111 the natural 



Fio 00 

Thoracic Limbs of Leptostraca. A, Paranehalta longipes, fifth llmh B, Ncbaliclla a ntaratica. 
fourth limb. C, Nebalioitsis ttfpicn, llrat limb D, the snme, second limb m, endopodite cn. 
eplpodlte , ex, exopodlte (A after bars , B, 0, D aftor Thiele ) 

position The exopodlte is also long and narrow, and is provided, 
on its outer edge, with numerous long plumose setae which suggest 
a natatory function The epipodite is very small The ischio- 
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podite is defined fiom the basipodite, at least m the last pan, 
and Hansen recognises a minute terminal segment as well as a 
pre-coxal, making altogether nine segments m the axis of the limb 
In Nebahoj)sis the thoracic limbs are veiy different from those of 
the other geneia Except the first and last pairs, they aie unseg- 
raented lanceolate lamellae (Fig 90, D), having a slight lobe on 
the outer edge to represent the exopodite, and a more distinctly 
marked bilobed epipodite , the inner edge is beset with setao 
along its whole length In the last pan, which are almost without 
setae, a teimmal segment is marked off, and in the first pair 
(Fig 90, C) this part, although not distinctly segmented oft, is 
produced into a fingei -shaped distal lobe (en) 

In Nebaha the tip of each of the thoracic limbs caines, in the 
breedmg female, a fan of long plumose setae turned inwaids to 
form the floor of a basket-like biood- chamber which is closed 
behind by rows of long setae on the inner edges of tho last pair 

The first four pairs of abdominal appendages are biramous and 
are used in swimming , the last two pairs are small and umramous 
The former (Fig 91) have a stout piotopodite of two segments and 
long indistinctly segmented rami fringed with spines and plumose 
setae Fiom the inner edge of the endopodite close to its base 
theie springs a short appendix interna (at) beaiing a group of 
hooked spines at its tip 

Alimentary System — The masticatory stomach, in Nebalui , is of 
a comparatively simple type It is divided into a “cardiac” and a 
“pyloric” portion, the foimer with masticatoiy ridges moved by 
muscles, and the latter with two pairs of lateral setose lobes and a 
doisal groove which is continued as a delicate chitinous funnel, 
open below, some distance into the mid-gut The mid-gut extends 
back to the penultimate segment of the body Four pans of 
hepatic caeca open near its an tenor end and a pair of short caeca 
open separately on the ventral side m the same region Near its 
junction with the proctodaeum the mid-gut gives off an unpaired 
dorsal caecum, bifid at the tip 

Cnculatoty System — The hcait, m Nebaha , extends from the 
cephalic region to the fourth abdominal somite It has seven pairs 
of ostia, and the last pair, which are larger than the others, are 
situated in the region of the sixth thoracic somite The exopodites 
and epipodites of the thoracic limbs are traversed by a close net- 
work of blood-channels and no doubt serve as respiratory organs 
The valves of the carapace probably also assist in respiration, and 
the blood circulating m them is returned to the pericaichal sinus by 
a definite venous channel on each side 

Excietory System — Both the antennal and the maxillany glands 
are present in a vestigial condition, the former lying in the 
proximal segment of the antennal peduncle, while the latter is 
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>se to the adductor muscle of the caiapace at the base of 
la The gland in each case consists of a minute saccule 
a short duct, but the external openings have not been 

pairs of glands lying at the bases of the thoracic limbs 
elieved to be excretory Each consists of a thickening of 



jpoil of Hecond pair of NtUtUn ft i, ajipfndiv interna , en, endopoilite , 
cx, oxopodlte (Atttii Claus ) 

ermis partly surrounding the efferent blood-channel from 
lite These glands alone become coloured by vntm ntam 
with indigo- carmine, while the antennal and maxillary 
3rete particles of carmine when the animal has been fed 
substance 

lai System — The adductcn muscle (Fig 87, ad) of the 
aas two muscular heads attached to the valves and con- 
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nected by a median tendinous part which passes under the stomach 
m the region of the maxillae The muscle is innervated fiom the 
maxillary ganglion 

Nenous System — The brain is complex, admitting of close 
comparison with that of other Malacostraca The oesophageal 
connectives are short and are united by the commissure of the 
antennal ganglia behind the oesophagus In the vential chain the 
ganglia of the mandibular, maxillular, and maxillary somites are 
distinct, though, like the eight thoracic ganglia, they are closely 
crowded together Six abdominal ganglia are present, the seventh 
somite, like the telson, having no ganglion m the adult In the 
embryo, however, a transitory seventh abdominal ganglion has been 
found 

Sense-0) gans — The eyes are stated to resemble, in their intimate 
structure, those of the MyBidacea In Nebaliella and Nebahopsis 
and m one Bpecies of Nebaha (N typhlops) the eyes are vestigial, 
though the peduncles peisist On the upper and inner surfaces of 
the ocular peduncle, in Nebaha y there are two small tubercles, 
supposed to be sensory organs Olfactory filaments of the usual 
type are present on the antennules and, m the male, also on the 
antennae 

Reproductive System — The most conspicuous external difference 
between the sexes consists in the much gL eater length of the 
antennal flagellum in the male The gonads have the form of 
paired tubes extending, when mature, through nearly the whole 
length of the "body The short vasa def&entia open on papillae on 
the coxopodites of the last thoracic limbs The oviducts are hard 
to detect, but they appear to open on the sixth thoracic somite 
The spermatozoa are spherical and are aggregated into globular 
sperm atophores The eggs are earned, as already stated, between 
the thoracic feet of the female 

Development — The development of Nebaha takes place within 
the brood-chamber of the parent without any free-swimming larval 
stages, and presents many points of resemblance to that of the 
Mysidacea The first three pairs of appendages appear simul- 
taneously, giving a well-marked nauplius stage The remaining 
appendages develop m order from before backwards The embryo 
becomes free from tbe egg-membrane at a stage when all the 
thoracic appendages, and sometimes also those of the abdomen, are 
marked off (Fig 92) The carapace at this stage does not extend 
beyond the second thoracic somite When the young leave the 
maternal brood-chamber they have attained, in all essential respects, 
the structure of the adult. 



THE LEPTOSTRACA 


159 


Remarks on Habits, etc 

All the Leptostiaca aie manne Most of the species occur in 
shallow water 01 at moderate depths, but Ncbaliopsis belongs to the 
“ bathypelagic ” fauna at 
depths exceeding 1000 
fathoms Many have an 
extremely wide distribution, 
the common European Ncbaha 
bipe% £01 instance, ranging 
from Greenland to Chile and 
Japan The species named 
appears to be very resistant 
to unfavourable conditions, 
thriving in water which is 
foul with decaying mattei 
Locomotion is effected by 
powerful strokes of the an- 
terior four pairs of pleopods The thoiacic limbs serve the purpose 
of respiration, and by their rhythmic movements produce a current 
of water which bungs food-particles to the mouth The water is 
drawn in from behind and expelled 111 a stream below the rostral 
plate 

The largest of existing Leptostraca is Nchdwpsis iypica, Sara, 
which reaches a length of about 40 mm The other species are 
from 4 to 1 2 mm. in length 



Embryo of NtbaUu , lust hatched antennule , 
rt", antenna , /, caudal turca , mil, mandible , iiuf, 
iiift\illula , nw", maxilla , ]il l , llrst pleopod t p? 8 ( 
«i\tli pleopod , tk viu, lust thoracic appendage 
(Alter Claus ) 


Palaeontology 

Certain fossil Crustacea, generally grouped together as a family, 
Ceratiocandae, are believed to be more or less closely allied to 
the existing Leptostraca The various genera, ranging from the 
Cambrian to the Tnassic epochs, differ considerably among them- 
selves, but the more typical forms, such as Ceratwcai'is (Fig 93) and 
Hymenoca/i'is , resemble Nebalia 111 general form, having a bivalve 
carapace, sometimes with an articulated rostral plate, and an ex- 
tended abdomen Nothing is definitely known of the appendages. 
A pair of serrated plates observed within the outline of the shell 
in some instances have been described as “gastric teeth/* hut 
may possibly be the mandibles ( m ) Some of the fossils are of 
great size, Cei ahocaris, from Ordovician and Silurian rocks, reaching 
a length of two feet 

The chief difference which can he observed between the fossils 
and the living representatives of the Leptostraca is that, in the 
former, the terminal appendages of the abdomen are always more 
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numerous In most cases there are throe such appendages, the 
telson being produced as a median style between the furcal rami 

Affinities and Classification 

The alliance of the Leptostraca with the other Malacostraca is 
amply ]ustified by the agreement in the numbei of the appendages, 
by the sharp distinction between the thoiacic and abdominal senes, 
and by the position of the genital apertures Other chaiacters, 
probably of less importance, are the biramous form of the anten- 
nules, the possession of a masticatory stomach, and the complex 
structuie of the bram. The most important differences fiom the 
Eumalacostraca are the presence of an additional somite in the 
abdomen, of a caudal furea, and of an adductor muscle of the carapace 


m 
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Ctratlocai is j.mpiliQ a, traces of antennules (*) , w, tootlierl plates, possibly 
the maiullbleB , i, rostal plate (After H Woorh\anl ) 

These are no doubt primitive features and indicate that the Lepto- 
straca diverged fiom the Malacostracan stock before the assumption 
of the typical candoid form It may be suggested that the 
development of the uropods to form a tail-fan in the primitive 
Eumalacostraca was associated with the loss of the caudal furca 
The resemblance of the lamellar thoracic limbs of Ncbalui to 
those of the Branchiopoda, which has led to the Leptostraca being 
associated m many classifications with that group, is doubtless 
significant, and it becomes still more Bti iking in the case of 
Nebahopsis The absence of endites m the Leptostiacan limb, 
however, is an important difference According to the view, 
already mentioned (p 42), that the exopodite is represented, in 
the appendages of Ajms , for example, not by the flabellum but by 
the sixth endite, it would seem impossible to draw a close com- 
parison with the appendages of Nebalm Without going so far 
as this, however, it may he suggested as a possibility that the 
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“ pliyllopod ” form of the thoracic limbs in the Leptostraca may 
be to some extent secondary, having arisen by suppression of the 
locomotor function in limbs of the more typical Malacostracan 
form In this case Pai anebaha, m which the phyllopod character 
of the thoracic appendages is very little marked, would be more 
primitive than Nebalici and Nebaliopsis. 

It is difficult to decide how much importance should be given 
to the presence of an adductor muscle as indicating an affinity 
between the Leptostraca and the Conchostraca, but the possession 
by the former of a mandibular palp and well-developed maxillae 
forbid their being derived directly from any of the existing 
Branchiopoda. 

As regards the relation of the Leptostraca to the various groups 
of Eumalacostraca, there seems to be a general agreement that 
their nearest allies are to be sought among the Mysidacea, which 
they resemble especially in then mode of development It may 
be necessary to mention that, apart from a vague similarity in 
general form, perhaps the result of a similarity m habits, there 
is no ground for the supposition that they have any direct affinity 
with the Cumacea 

The four existing genera of Leptostraca may, for the present, 
be referred to a single family In the absence of information as 
to the structure of the limbs in the fossil Ceratiocandae, it is not 
possible to assign them to a definite systematic position m relation 
to the living forms 

Order Nebaliacea, Caiman (1904) 

Family Nebaliidae Nebahci , Leach , Pen anebaha, Claus , Nebaliopsis, 
G O Sara ; Nebahella , Tluele 
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THE SYNCARIDA 

Division Syncarida, Packard (1886). 

Order Anaspidacea. 

Definition. — To the characters mentioned on p 148 as distinctive 
of the Division, the following may be added Thoracic limbs 
with exopodites (except the last, or the last two pairs), and with 
a double series of lamellar epipodites attached to the outer side 
of the coxopodites (except the last pair) , the first pair may have 
gnathobasic endites on the coxopodite , pleopoda with the endo- 
podite reduced or absent except in the first two pairs m the male 
sex, uropods lamellar, forming, with the telson, a tail-fan, a 
statocyst is present m the basal segment of the antennules 

Historical — Anaspides tasmanute was first described by G M 
Thomson m 1892, and more fully in 1894 He placed it among 
the Schizopoda,” establishing for it the family Anaspidae In 
1897 the present writer discussed some points m its moiphology 
and called attention to its resemblance to certain fossil Ciustacea 
for which Packard had established the group Syncarida In 1904 
Grobben (in his edition of Claus's Lein buck dei Zoologie) referred 
Anaspides to a new subdivision of the Malacostraca which he 
termed Anomostraca, and in the same year the system of classifica- 
tion adopted here was published Quite recently a new and very 
remarkable representative of the Syncarida has been discovered 
and described by Mr. 0 A. Sayce under the name Koonunga omsor 
It has been suggested that Dathyndla natans , described by Vejdovsky 
in 1882, also belongs to this group, but our knowledge of the 
structure of this minute form is still very imperfect 

Morphology 

The body, m the living Syncarida, is elongated and sub- 
cylindrical, with all the trunk -somites distinct from each other 
In Anaspides (Fig. 94) the anterior l imi t of the first thoracic 
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somite appears to be marked by a transverse “cervical gioove ” (c gi) 
which crosses the dorsal surface and runs obliquely forwards on 
sach side to end just behind the mandible In Koonunga (Fig 95) 
dns groove is obliterated dorsally, but a short portion persists on 
iach side running upwaids fLom the lower margin of the head 



Fjq 94. 

ha tspUles Uismaniae, £ , x 3 u (jr. " cervicnl gioove ” , 11, VIII, Hecond and eighth thoracic 
Homltea , 1, U, first and sixth abdominal Bomltes (Diawn by Miss G M Woodward ) 


t has been suggested that this groove indicates the limit between 
le mandibular and maxillulai somites and corresponds to the 
cervical sulcus ” of the Mysidacea, and perhaps to the transverse 
roove of the head in many Branchiopoda On the other hand 3 
forward displacement of the lateral plates of the anterior thoracic 



mites is observed m some other Malacostraca, and it is quite 
’obable that this groove m Anaspzdes has undergone a similar 
splacement and that it really does define the first thoracic somite 
om the head Funning backwards from this groove on each side m 
naspides is a horizontal line marking off infenorly a quadrilateral area. 
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The front of the head is produced, in Anaspides, into a short 
rostrum. On the dorsal surface, in front of tho cervical groovo, 
is a pigmented area with a circular central spot surrounded by foui 
minute pits The significance of this structure is quite unknown, 
but it may be comparable to an obscure “dorsal oignn” appniontly 
glandular m nature, occupying a similar position m certain othoi 
Malacostraca It has not been observed in Koonunga 

The thoracic somites have no pleural plates and those of the 
abdominal somites are sbghtly developed The telson, m Anaspides 
and Koonunga , is short, of Bimple form, with a fringe of spmulos 
on the posterior margin. 

Appendages — The antemules are biramous, with long flagella. 
The first of the three segments of the peduncle contains a statocyst, 
opening by a narrow slit on the doisal surface In the male 
Anaspides the basal part of the inner flagellum is enlarged and armed 
with seriated spines It appeals probable that it may be used as 
a clasping-organ In Koonunga , the antennule of tho male has a 
curious globular organ attached to the first segment of tho outor 
flagellum The surface of the organ is covered with mmuto cup- 
like structures which are possibly sensory 

The antenna has a scale -like exopodite in Anaspidcs , but in 
Koonunga this is absent The protopodite consists of two segments, 
and the first two segments of the endopodite me enlargod, so that 
the peduncle consists of four segments only 

The mandibles (Fig 96, A) have a large palp of three segments. 
The serrated incisor process is separated from the molar process in 
Anaspides by a rounded lobe ( 5 ) fringed with setae The lowei lip 
is large and deeply cleft 

The maxillula (Fig 96, B) has two endites and a vestigial palp A 
small exite, not projecting beyond the outer edge, can be recogmsod 
The maxilla (Fig 96, C) has three endites directed distally 
and crowded together, and a short, unsegmented palp Thoio is 
no exopodite 

The thoiacic limbs are all alike in geneitil structuie In 
Anaspides (Fig 3, E, p 8) the endopodite is composod of six 
segments (instead of the usual five) m the an tenor pairs, but the 
articulation between the basipodite and ischiopodite becomes indis- 
tinct m passing backwards along the series, and in the last three 
pairs these segments have completely coalesced In Anaspides the 
mam flexure of the limb is between the fifth and sixth segments, 
but in Koonunga it appears to be between the fourth and fifth 
This difference, however, is due to the fact that m all tho thoracic 
legs of Koonunga , as in the posterior pairs of Anaspides , the 
basipodite and ischiopodite have coalesced The terminal segment 
is small, and bears from three to five stout curved claws, one of 
which on the posterior legs ib larger than the others 
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In all except the last pair of thoracic limbs the coxopodite 
bears externally two ovate epipodial lamellae, each attached by a 
narrow base and having a small proximal segment marked off by a 



w, transverse line These epipodites 

c have a ver ^ t ^ lin cutlc ^ e an( ^ no 

p s llf/fe doubt act as gills 

//A *11)1 rnlwV^ Exopodites are present on all 

m' ^ut (-dwtspides) or the 

m ^ ast ( Koonunga ) pairs of tho- 

f ** M I racic appendages On the first 

! gg: pair they are short, unsegmented 

! J§|p lods, but on the other limbs they 

' : are m any-jointed and fringed with 

' ' plumose setae According to G 

Smith they are not used in swim- 
ming, but serve to keep a current 
^ ’ of water flowing ovei the branchial 

plates. 

no The first pair of thoracic limbs 

Month parta A, nmn- ™ Awupfa (Fig 3 D, p 8) are 

fiibie , d. mn^niuia , c, maxiiift. ex, differentiated from the others by 

exits , t, incisor process , vi, molnr pro* , i ,1 ^ 

c«sh , p, palp , s, Botose lobe. toe presence on tne inner lace 

of the coxopodite of two movably 
articulated gnathobasic lobes (gn) In Koonunga these lobes are 
wanting, but the limb differs from those which follow it in being 
much more stoutly built 

The pleopods have the exopodite long, many-jomted, and fringed 
'with setae, forming a powerful swimnung-organ The endopodite 
(except in the first two pairs of the male) is small and composed 
of two segments m Anaspules , and entirely absent in Koonunga 


i66 


THE CRUSTACEA 


Sometimes, but not always, it is absent fiom the last pair also in 
Anaspides In the males of both genera the first two pairs have 
the endopodites modified as copulatory organs In the first pan 
of Anaspides the endopodite is a thick lobe, curved inwards and 
having a group of retinacula on a short process (peihaps a vestigial 
appendix interna) near the distal end of its inner edge The endo- 
podite of the second pair is composed of two segments, the first 
elongated, bearing some spines and a gioup of retinacula near the 
distal end, and the second curved and spoon-shaped In the 
natural position these appendages are turned forwards, the endo- 
podites of the second pair lying within the trough formed by the 
apposition of those of the first pair, and between the latter and the 
sternal surface of the thoiax 

The wopods in Anaspides are large, with lamellar rami, fringed 
with spines and setae, and form, with the telson, a tail-fan of the 
usual type The exopodite is crossed by an incomplete suture or 
line of articulation near the distal end In Komunga the piotopo- 
dite is relatively longer and the rami are not so broad, so that the 
fan-like arrangement is not quite so typical The exopodite is 
undivided 

As regards the internal anatomy, our information is as yet very 
restricted, and refers only to Anaspides 

Ahmentai'y System — The masticatory stomach appeal's to be of 
very simple type, its armature consisting of longitudinal chitinous 
ridges beset with setae The extent of the mid-gut has not been 
ascertained The hepatic caeca are numerous, very long slender 
tubes. There are two median dorsal caeca — one in the region of 
the first and the other in the fifth abdominal somite 

Cnculatmy System . — The heart is a long tube extending 
through a gieat part of the length of the body. The number of 
the ostia has not been ascertained There is stated to be an 
unpaired descending artery originating from the under-surface of 
the heart between the last two thoracic somites. 

Exmetoiy System — On each side of the head, posterior to the 
mandibles, is a glandular mass of considerable size, showing in 
sections a convoluted tubular structure No duct has yet been 
traced from it, but its position suggests that it may be the maxillary 
gland 

Sense-Organs — The paired eyes of Anaspides are set on shoit 
movable peduncles, those of Koonunga are very small and are 
sessile on the sides of the head. 

In both genera a saccular invagination of the integument, sup- 
posed to be an otocyst (or statocyst), is found in the basal segment 
of the antennular peduncle It opens by a small slit on the dorsal 
surface of the segment Internally, on the upper side, is a row of 
peculiarly modified setae Each is divided into two segments, the 
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distal one swollen and pyriform While resembling m its position 
the otocyst of Decapods, this organ diffeis strikingly from it in the 
nature of the setae 

Rep oductive System — The ovaries form an elongated lobed mass 
on each side, extending through the posterior part of the thorax 
and into the abdomen The oviducts open on the inner face of the 
coxopodites of the sixth pair of thoracic limbs Between the bases 
of the last pair of legs on the sternal surface of the thorax is a 
rounded piominence directed forwards At its tip a slit -like 
apertuie givos entrance to a blind sac, with thick and apparently 
musculai walls At the base of the sac on each side is a racemose 
gland, appaiently opening by a short duct into its cavity It seems 
probable that this structure (originally described as the opening of 
the oviducts) is a receptaculum semims A Bimilar organ is present 
in Koonunga 

The testes are a pair of very long slender tubes, convoluted 
anteriorly, lying above the alimentary canal The v^sa deferentia 
terminate in a pair of oblique slit-like apertures on the sternal 
surface of the last thoracic somite 

The development, unfortunately, is still entirely unknown 

Remarks on Habits, etc 

Anaspidcs occurs in rocky pools at an elevation of about 4000 
feet m the mountains of Tasmania It reaches a length of about 
38 mm Koonunga is found in fiesh water pools near Melbourne, 
and does not exceed 9 mm. in length 

Palaeontology. 

A group of fossil Crustacea found in Carboniferous and Permian 
rocks in Europe and America, for which the name Syncanda was 
proposed by Packard, appear to be closely allied to the living 
Anaspides and Koonunga The structure is best known m the case 
of Uionectcs ( Qampsonijz ) (Fig 97), described by Jordan and von 
Meyer from the Lower Permian of Saarbrucken The exact 
number of free somites is doubtful, but there appear to be eight 
in the thoracic region, and there are indications that the sixth 
abdommal somite was divided in a manner recalling the condition 
found in certain Mysidacea The eyes are pedunculated The 
antennules are biramous, and the antennae have a rounded scale- 
like exopodite One of the anterior pairs of thoracic limbs is 
enlarged and armed with stout spines The presence of exopodites 
on the thoracic limbs is probable, although denied by Fntsch, but 
the structure of the appendages is very obscure The uropods are 
lamellar, forming a tail-fan with the telson , the exopodites are 
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divided by a suture In Praeanaspides (Fig 98), recently descubed 
by Dr. H. Woodward from the English Coal-measures, the seg- 
mentation of the body agrees with that of Anaspidcs , and exopodites 
are certainly present on some of the thoracic limbs Other genera 
are Palaeocai'iSj Acanthotehon , and Gasocai is 



Fia 07 

Uronectcn [=Gcnnp8anyxi]fiiiihrinUia a', antennule , e , Hupposud eye , cx, traces of B\opocUtns 
on thomac limbs , l, enlargsd thoracic Umb, probably tho second , /, first tliomdc somite 
(After Jordan and ^ on Meyer ) 

Affinities and Classification 

The existing genera of Syncarida present chaiacters which 
indicate for them a veiy isolated jilace among living Malacostraca, 
while suggesting more or less remote affinities with widely divergent 



groups. They have retained characters of the piimitive candoid 
type m the tail-fan, the biramous antennules, the scale-like exopodite 
of the antenna (in Anaspidcs ), and the natatory thoracic exopodites 
With the loss of the carapace, however, the segmentation of the 
body comes to resemble that of the Isopoda and Amphipoda, though 
the demarcation of the first thoracic somite from the head (if this 




THE SYNC ARID A 


169 


be indeed the significance of the “ cervical groove ”) is not so distinct 
in any other Enmalacostraca. The homologies of the segments of 
the endopodite 111 the thoracic limbs are not quite clear, but the 
fact that the main flexure of the limb is between the fifth and sixth 
segments in Anaspidcs is a point of agreement with the Peracanda, 
to which gioup some slight lesemblance may be traced m the 
structure of the maxillae The possession of a statocyst 111 the basal 
segment of the antonnule is only paralleled among the Decapoda, and 
the piesence of a roceptaculum seminis on the last thoracic stermte 
of the female and the modification of the first two pairs of pleopods 
in the male may also point to an affinity with that group On the 
other hand, the double series of epipodial lamellae on the thoracic 
appendages of both genera, and the double gnathobasic lobes on the 
coxopodite of the first pair 111 Anaspules , aie important features not 
found in any other Malacostiaca 

The fossil geneia mentioned above show that already m 
Palaeozoic times a group of Malacostiaca existed which, while 
Letaining candoid features in tail-fan, antennules, antennae, and 
pedunculated eyes, had a completely segmented body and no 
carapace Anaspidcs alone among living Crustacea agrees with 
them in this combination of chaiacteis, and there appeals to be no 
reason to doubt that it and Koonunga are really descendants of the 
Syncanda of Carbonifeious and Permian times 

Bathyndla nutans , to which allusion has been made, is a minute 
Crustacean (10 mm. 111 length), described in 1882 by Vejdovsky 
from two specimens found 111 a well in Prague It has not since 
been rediscovered It appears to possess eight free thoracic somites 
There are no eyes The antennules are uniramous, and the antennae 
liave a small exopodite The first seven pairs of thoracic limbs are 
biramous, and each has a single vesicular epipodite The last pair 
ire vestigial Only the first and last abdominal somites bear 
ippendages If its structure has been correctly interpreted, Bathy- 
idla would seem to be a degenerate member of the Syncanda, but 
inly the discovery of fuithei specimens will enable its systematic 
losition to be definitely fixed 

Order Anaspidacea, Caiman ( 1904 ) 

Family Anaspididae A7iaspides, Q M. Thomson. Family 
voonungidae. Koonunga , Sayce. 

\ 
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ADDENDUM 

Since this chapter was in type G Smith has described a third living 
representative of the Syncanda, Paianaspides laciisbns , from the Great 
Lake of Tasmania, and has given further details as to the habits and 
internal anatomy of Anasjndes (“Preliminary Account of the Habits and 
Structure of the Anaspididae . Proc Royal Soc (B) Ixxx pp 
465-473, pi xin, 1908) 
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THE MYSIDACEA 
Ordei Mysidacea, Boas (1883) 

Definition . — Peracanda which retain more or less completely the 
primitive candoid facies, the carapace extends over the greater 
part of the thoracic region, blit does not coalesce dorsally with more 
than three of the thoracic somites , the eyes, when present, are 
movably pedunculate, the antennules arebnamous, the antennae 
have usually a large scale-like exopodite , the thoracic limbs (except 
sometimes the first and second pairs) have natatory exopodites , the 
first and sometimes also the second pair are modified as maxillipeds , 
a lamellar epipodite is present on the first pair, lamified branchiae 
may be attached to the body-wall close to the bases of the thoracic 
limbs , the pleopods are often reduced , the uropods are lamellar, 
forming a. tail-fan, the young leave the biood-pouch provided with 
all the appendages of the adult 

Histoi'ical — The group Schizopoda, established by Latreille in 
1817, and long approximated to the Stomatopoda on the authority 
of H. Milne -Ed wards, finds a place in most modem systems of 
classification, as comprising, after exclusion of many larval Decapods 
formeily referred to it, the forms here treated of together with the 
Euphausiidae Boas, in 1883, however, discarded this grouping, 
and established the two ordei s Mysidacea and Euphausiacea, point- 
ing out that they weio by no means closely related, and this view 
has been also advocated by Hansen Oar present knowledge of the 
structure and classification of the Mysidacea is very largely due to 
the work of Gt 0 Sars 


Morphology 

From five to seven of the thoracic somites are distinct, and the 
last two or three of these may be left uncovered by the carapace 
on the dorsal side The carapace may be produced in front as a 
short rostrum, and there is usually a transverse groove or “ cervical 
sulcus” (Fig 99, c.s) on the dorsal surface m the region of the 
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mandibles The possible homology of this groove with the 
cervical groove of Anaspides has been already mentioned The 
abdominal somites have the pleural plates geneially reduced or 
absent , but in Gastiosaccus the pleura of the first somite are greatly 
enlarged in the female to help in forming the brood-pouch The 



Pio w. 

Ml/sis rellcta, female cervical sulcns , in, brood pouch (After Sri* ) 


sixth somite is generally longer than any of the others, and in 
Gnathophausia it is divided by a transverse gioove (Fig. 100, gr) 
about the middle of its length It is possible that we have here 
two somites m process of coalescence, and that seven somites are 
represented in the abdomen of the Mysidacea as m that of the 



Gnnthophaunia utllemnuii, Bmu (According to Ortnmnn thl* is the ftilly adult form of (7 
-oca, W Sulim.) x 4 gr, groo\e paitlally dividing the last Homite (After Sars ) 


Leptostraca It is important, however, to note that the last somite 
in this case bears appendages (uropods) and that the penultimate 
does not, while m the Leptostraca the reverse is the case The 
indications of a similar division of the sixth abdominal somite m 
certain fossil Syncarida have already been alluded to 

Appendages — The ocuhn peduncles are peculiarly modified in 
many deep-sea forms m which the eyes are imperfect or absent 
In Badijlenjih ops the peduncle is produced as a finger-like process 



THE M VS ID ACE A 


173 


beyond the eye , in Boicomyns scyphops the distal end of the peduncle 
is expanded and excavated in a cup -like form and is without 
pigment or any trace of ocular structure, but in other species of 
the same genus the eyes aie normally developed, in some Petal- 
ophthaliuidao the peduncles are leaf -like 01 spimform, while in 
Pseudomma , Amblyops , and some allied genera, they are repre- 
sented by broad plates extended 
horizontally m front of the cai apace 

In the Mysidae the three-seg- 
mented peduncle of the antennnlcs 
carries in the male sex, in addition 
to the two flagella, a conical process 
beset with numerous sensory fila- 
ments 

The antennae have the protopodite 
distinctly composed of three segments 
(Fig. 101, 1, 2, 3) A lamella! ex- 
opodite or “ scale ” (so) is always 
present except in Ai achnomysis and 
allied genera, where it is represented 
by a spine In many Mysidae it is 
divided into two segments by a tiaus- 
verse suture near the tip 

The mandibles have generally a 
well -developed lacima mobilis (Fig 
102, lm) y differing m form on the 
two sides, and a low of spines (s) in- 
terposed between the incisor and 
molar processes The row of spines 
is absent in the Lophogastndae and 
Eucopndae and some Mysidae, and 
in some cases the lacima mobilis is 
wanting The molar process is small 
or absent in a few Mysidae A palp 
is always present, and becomes greatly 
enlarged in the aberrant Petalophthalmus , where it appears to have 
a prehensile function 

The maxillulae (Fjg 103, A) have two endites arising, according 
to Hansen, from the first and third segments, and a slightly 
developed laminar exite, which Hansen states belongs to the first 
segment. In the genus Gmthophaxma (Fig 104) a palp of two 
segments is present, directed backwards fyeneath the carapace like 
that of the Leptostraca. 

The maxillae (Fig 103, B) have a complex structure There 
are two endites corresponding to the second and third segments 
(Hansen), the first of which is incompletely and the second com- 



Fm 101 

Cephalothoracic region of Mysta rclictn, 
joung female, from belou Most of the 
thoracic appendages have beeu removed 
j external flagellum of autennule , a", 
flngellum of antenna, rx, exopodltes of 
thoracic appendages , l, labmm , mil, palp 
of mandible , o, oostegitejt, not 'vet lully 
developed , mi, scale or exopodlte of an- 
tenna, th 1 th 3, llrst, second, aud third 
thoracic appendages , 1, 2, 8, the three 
segments or the protopodite of the an- 
tenna (After Sara ) 
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Fig 10-2 

A, mandible of Mi/ms B, oral edge of same, 
further enlarged ?, Incisor process ,1m, lac bun 
mobilis , in, molar process , s, spine row (A after 
Sars.) 


pletely divided into two A plate -like lobe on the outer side (f) 
is regarded as the exopodite and spnngs from the thud segment 
(Hansen) The palp is composed of two segments In Gnatho- 
phciusia a pigmented papilla on the outer side close to the base 
bears the opening of a gland producing a luminous secietion 

The tlionuic appendages have 
the coxopodite very small, and 
have usually an exopodite con- 
sisting of a peduncle and a 
multi-articulate setose flagellum 
attached near the proximal end 
of the basipodite. The ex- 
opochtes of the first pair may 
be reduced (Lophogastndae, 
Eucopndae) or absent (some 
species of Gnathophausm , Petal- 
ophthalirudae), and those of the 
second pair are absent m Petal- 
ophtkalmus 

The first pair of thoracic 
limbs are always specialised as maxillipeds In the Lophogastndae 
and Eucopndae they are without distmct endites In the Myaidae 
(Fig 105, A) an endite is generally borne by the basipodite, and 
sometimes also by each of the two following segments In Petal- 
ophthalmus the first and second thoracic limbs (m the other genera 
of Petalophthalmidae only the 
second) have a large lamellar 
endite developed from the 
meropodite 

In the Lophogastndae 
(Fig 106) the last seven pairs 
of thoracic limbs are all 
similar, and exhibit the usual 
number of seven segments, 
the dactylus being large and 
having generally a claw-like 
spine at the apex In the 

Eucopndae the Second tO the reBpomung Xlimi segment nnu uiq H egmonta 
fifth pairs are subchelate, and here numbered 5 and 0 become 4 and 0 respectively) , 

/, flnbellum or exopodite (After Hansen.) 

the next three pairs, which 

are exceedingly long and slender, have also the dactylopodite flexed 
against the propodite to form a prehensile organ In the Mysidae 
there is, as a rule, a distinction between the second and the follow- 
ing limbs The former, sometimes called second maxillipeds or 
“gnathopoda,” are bent inwards towards the mouth, with the 
normal number of segments and with a rounded dactylopodite 




Flu ion 

A, maxiltuln, B, maxilla, [of Mysls w ulata. 1 ti, 
segments of the appendages, l^l 4 , andltea of tile 
respective segments according to Hansan'H earlier 
Interpretation (in his later papers the enditeB here 
numbered 8 and 4 in the maxilla ore regarded as 
resulting from the dhlsiou oi a Bingle endite cor- 
responding to the tliird segment, and the segments 
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it si claw The remaining pairs (Fig 105, B) have the 
Lite (except m most Petalophthalmidae and some species of 
) divided into secondaiy segments 
avo (Boi eomy&is, Sinella) to eight or 
n numbei The daetylopodite is 
r small, and terminates in a claw-like 
In Hetnomysib the third pair are 
id and piehensile 

all Mysidacea the first pan of thoracic P - '" 
lave a simple lamellar epipodite (Fig 
1, ep) directed backwards beneath 
-apace In the Lophogastndae and 
idae a series of ramified gills (Fig 
r) are developed in connection with 
b seven thoracic limbs Each consists 
ie or four main branches, which are 
bipinnately or tnpinnately divided 
rgest branch is bent round on the Fia m 

surface of the thorax between the wnxiiiuia of Gnathopliausia 
■n of the limbs, a point of some ^ (After 

. in connection with the position of 
Is in the Amphipoda Although the gills of the Lopho- 




Fig 105 


thoracic appendage (maxflllped) of Mysis B, third thoracic appendage of same 
coxopodite is omitted In each cose hft, boHlpodite , tl, daetylopodite , ep t epipodite , 
te , l, masticatory lobes or endites of basipodite, tschlopodite, and meropodlte , prp t 
divided into seven segments in B (After Bars ) 
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gastndae and Eucopndae are attached to the body-wall or to the 
articular membrane rather than to the coxopodites of the limbs, it 
is probable that they are leally of the natuie of epipodites In 

Guatliopli-aiLsia a short finger-like 
process bearing long setae is 
found on the outer side of the 
coxopodite, and apparently re- 
presents a reduced distal epi- 
podite (Fig 106, ep) In the 
Mysidae and Petalophthalmidae 
there are no epipodites on the 
limbs posterior to the first 
thoracic pair, apart from some 
vestiges described m Euchue- 
iomei a and allied genera. Seven 
pairs of oostegifes are found 
attached to the coxopodites of 
all except the fiist pair of 
thoracic appendages m the 
e , „ , . * , females of the Lophogastridae, 

Second thoracic appendage of (rnathophnustn . i , i 1,1 i 

lonyisphui. hr, branclua r cp, eplpodlal process , EUCOpildae, and x etalophthal- 

tx, e^opodite (After Ba ra ) m idae, and m the genus Bcneo- 

mysis among the Mysidae In the othei Mysidae the number does 
not exceed three pairs, and it is often reduced to two, corre- 
sponding to the last two thoracic somites (Fig 101, o) 

The pleopods are well developed in both sexes in the Lopho- 
gastndao and Eucopiidae, where they have multiarticulate rami 
fringed with setae, and no special modifications are found in either 
sex. In the Petalophthalmidae and Mysidae the pleopods are 
vestigial in the female (except in the little-known Archaeomysis), 
but are often well developed in the male When they are reduced 
m the latter sex some of the pairs, most commonly the fourth, are 
specially modified. In the males of some Mysidae the peduncle 
bears dis tally, in addition to the two rami, a lobe or process of 
varying form, to which a branchial function has been attributed 
The wopods have the exopodite divided into two segments by 
a transverse suture in the Lophogastridae, Eucopndae, and Petaloph- 
thalmidae, and, less distinctly, in certain Mysidae A statocyst is 
present near the base of the endopodite in most Mysidae, but it 
is absent or vestigial in Boieomym and in the other families 

Ahmentaiy System — The stomach in Mysis (Fig 107, st) is 
divided into a globular cardiac portion occupying the greater part 
of the cavity of the head m front of the cervical sulcus and a much 
smaller pyloric portion. The interior of both chambers has 
numerous ridges and prominences armed with spines and setae. 
In particular, a tongue-shaped process directed backwards on the 
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floor of the pyloric division, and bearing on each side anteriorly a 

double comb-like row of iridescent setae, can be identified with a 

similar process found m Amphipoda and Isopoda The extent of 

the mid -gut does not seem to have been 

determined Five pairB of hepatic caeca 

(Fig 107, hep) are found in Mysis, opening X ) 

by a common duct on each side just behind 

the tongue-shaped process on the floor of the '/ he P 

pylonc chamber Two pairs are very short 

and directed forwards, of the three pairs *588 

directed backwards, the upper and lower fill 

extend, through the greater part of the 

thorax while the middle pair are much 

shorter In Smella theie are only three jagg 

pairs, one turned forwards and two longer W® 

pans turned backwards An unpaned dorsal l ^ 

diverticulum ( d ) is given off at the junction ^ 

of stomach and intestine Fl0 107 

Cm mlatmj System — The heart of the Alimentary canal of Must* 
Mysidae is elongated, fusiform, extending 

the whole or the greater part of the length *£, cardiac chamber of etomaciL 
of the thoracic region There are only two (After ^ 5 
pairs of ostia, one dorsal to and slightly m advance of the other 
Anteriorly and posteriorly the heart is continued into median aoitic 
vessels each flanked at its origin by a pair of lateral vessels From 
the under-side of the heart a number of median vessels are given 
off to the underlying viscera, and near the posterior end there 
originates an unpaired descending artery which passes on one side 
of the intestine On approaching the sternal surface it divides m 
the median plane into three branches which pass between the con- 
nectives of the nerve-chain m the fifth, sixth, and seventh thoracic 
somites The anterior branch is continued forwards as a subneural 


artery through the anterior thoracic somites , the middle branch 
supplies the sixth and the posterior the seventh and eighth somites 
and their limbs The abdominal aorta gives off in each somite, 
besides paired vessels which terminate in the pleopods, a median 
branch which passes on one side of the intestine and runs for a 
little way alongside the ventral norve-cord, sometimes anastomosing 
with its neighbours in front and behind The interest of this dis- 
position of the arterial trunks lies m the fact that the descending 
artery given off from the posterior end of the heart, which is clearly 
homologous with the similar vessel found m the Decapoda, is here 
Been to be one of a series of median vessels originating from the 
under-Bide of the heart and of the abdominal aorta, and contribut- 
ing to the formation of a discontinuous sternal or subneural vessel 
on the ventral side of the body. 


12 
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Fine capillary networks surround and penetrate tho optic 
ganglia and those of the thoracic region Conveiging venous 
channels on the sides of the thorax convey the blood from tho 
limbs to the pericardium Small papilliform elevations of the 
integument on the course of these channels in Mysis have been 
credited with a branchial function The chief seat of respiration 
m the Mysidae, however, appears to be the carapace, in which is *i 
rich network of blood-channels receiving blood from tho sinuses of 
the anterior part of the body and returning it to tho poiicardimn 
The epipodite of the maxilliped may also have a branchial function, 
and at all events serves, by its movements, to maintain a current 
of water under the wings of the carapace The bianclnao of tho 
Lophogastndae and Eucopiidae have already been described 
„ ,Exc?etory System . — The antennal gland is well dovelopod in 
Mysis The canal is much convoluted and expands into a small 
bladder before opening to the extenor on the second sogment of 
the antennal peduncle. Groups of excretory cells are present also 
at the bases of the thoracic limbs 


Neivous System . — The oesophageal connectives are elongated 
and a post-oesophageal (antennal) commissme appeals to be present 
In Boieomysis the full number of eleven pairs of ganglia can bo 
distinguished m the cephalothoracic part of the ventral chain, but 
in Mysis all are coalesced into a continuous mass within which only 
ten pairs of ganglia can be made out In Gnathophausia the first 
three pairs are completely coalesced and the fourth is closoly 
approximated to them, but the remaining seven pairs are distinct, 
in all cases six abdominal ganglia are present. 

Sense-O) garos —The eyes have the cornea slightly faceted ex- 
ternally The crystalline cone is bipartite and the elongated 
rhabdome is quadripartite In certain bathypelugic Mysidae tho 
ommatidia are divided into two groups differing in structure In 
Gnathopkausia there is, on the upper surface of the ocular peduncle, 

pronimence which probably corresponds to the sonsory 
papillae found m the Leptostraca * 

,n Sri Stat n C7 AT 5 fcnmd 111 fche endopodite of tho uropods 

“ dl M F slda9 (Fig 108), consists of a spacious vesicle 

c™ “ m 7^ 0n of integument and remaining i„ 
communication with the exterior (m some species at least) bv a 

con^Lg'Tan f 81ngle lar S 6 dlsa oidal statolith (a!), 

consisting of an organic nucleus surrounded by a thick shell of 

ssms sn-zw, r 

the substance of the statokth vJl setae are ^bedded in 
l %“ r ™ pair of aM™m«Tg u , ' ( .|™ Ppl ‘ 0d by * 
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no sensory setfie could be discovered, it seems possible that this 
pit may represent the antennular statocyst of Syncarida and 
Decapod a. 

Reproductive System . — The two tubular ovaries are connected 
with each other by a narrow bridge. The oviducts pioceed from 
their hinder ends and probably open m the usual position at the 
base of the sixth thoracic limbs The testes are closely approximated 
in the middle line and consist each of a number of pyriform follicles 
opening into the vas deferens, which is dilated near the front of 
each testis to form a semmal vesicle The external openings are 
situated on papilliform elevations at the bases of the last pair of 
thoracic limbs The spermatozoa have the form of slender rode 
each with a filiform tail attached at an acute angle at one end. 



A, telaon and one uropod of Mysia. from above The marginnl setae of the uropod are 
omitted D, the statocyst, seen In optical section from the side, further enlarged, cn , endo- 
podlte of uropod, containing the statocyst near Its base r ex, exopodlte of uropod , n, nerve 
supplying sensory setae of statocyst , at, statolith , t , telflon (After Sara ) 


Development . — The whole course of development takes place 
within the brood-pouch. In the Mysidae segmentation is of the 
discoidal type The embryo becomes freed from the egg-membrane 
after the appearance of the fiist thiee pans of appendages, at which 
stage, corresponding to the nauplius, the first larval cuticle is 
formed (Fig 109) The caudal region, which withm the egg was 
flexed ventrally, becomes extended and the body acqunes a slight 
dorsal curvature An important feature is the presence of two 
immovable setose styles (J ) terminating the abdomen and re- 
presenting the caudal furca of the Leptostraca Under the cuticle 
of this maggot -like nauplius stage the remaining cephalic and 
thoracic appendages ( th ) appear simultaneously, followed by the 
uropods and, after an interval, by the pleopods The elongation of 
the body m the post-naupliar region is effected by successive divisions 
of a series of teloblastic cells as m Isopoda A pair of lateral 
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thickenings of epiblast appear very early and, approaching each 
other on the dorsal side, fuse to foim an mvaginated “dorsal 
organ” ( d ) The youngammal leaves the brood-pouch with all the 
appendages developed 

Advanced embryos closely similar to those of the Mysidao have 
been observed in Lophogastei and Eucopict 


Kemarks on Habits, etc 

The great majonty of Mysidacea are marine, but a few Mysidae 
occur m fresh water either as apparently recent immigrants from 
the sea, or as “relict” forms like the Mysis 
lelictct (Fig 99) found m lakes in Northern 
Europe, Ireland, and North America A 
few Mysidae aie members of the surface 
plankton, and a number of peculiarly 
modified genera of that family, like all 
the members of the other families, are 
bathypelagic at gieat depths 

Most of the Mysidae are of small size, 
few approaching Borcomysis scyphops, which 
reaches 85 mm in length , on the other 
hand, Anchialus pusilhis is only 3 mm 
Among the Lophogastndae many species are of considerable 
dimensions, and Gmthopliausia ingens, the largest member of the 
order, reaches a length of 157 mm 



Fla 100 

Embryo of J lysis (Mcicromysis) 
a.', antennule , a", antenna , rf, 
dorsal organ , /, caudal furca , mil, 
mandible , th, thoracic limbs 
(After Nnsbaum.) 


long 


Palaeontology 

The genus Pygocephalus was established by Huxley in 1857 
for a species occurring m the Coal-measures of Scotland which he 
compared with the existing genus My sis Dr H Woodward has 
recently made the highly important discovery that Pygocq>lialus 
possessed a brood-pouch formed by six oi seven pairs of imbricating 
oostegites (Fig 110), thus showing that it must be classed with 
the Peracanda Pygocephalus has a broad and apparently flattened 
body, with a carapace covering the thoracic region. The antennules 
are brramous and the antennae have a broad scale -like exopodite. 
Seven pairs of thoracic hmbs are visible m the fossils (the fiist pair 
were probably folded mwards as maxillipeds and are therefore 
invisible), carrying each a multiarticulate exopodite The uropods 
and telson form a broad tail-fan. This combination of candoid and 
Peracandan characters justifies us in assigning Pygocephalus a place 
among the Mysidacea, although it is impossible at present to define 
more precisely its relation to the existmg families of the order 
It is not known whether the tergal portions of any of the thoracic 
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somites were distinct beneath the carapace in Pygocephalus , but in 
the genus Crangopbis of Salter, from the Lower Carboniferous, 
Ortmann has shown that at least four somites are distinct It 
is probable that other fossil genera, such as the Carboniferous 
AntlhutpalaemoUi may be found to possess Mysidacean characters 


Affinities and Classification 

The removal of the Mysidacea from their old association with 
the Euphausndae in the group “ Schizopoda ” is 
justified by the fact that the two groups do not 
have m common any characters except those of 
the primitive candoid facies which they share 
with the lower Decapoda and, in part, with the 
Stomatopoda. On the other hand, the con- 
nection of the Mysidacea, through the Cumacea 
and Tanaidacea, with the Isopoda and Ampln- 
poda is shown not only by the characters given 
m the definition of the division Peracanda, but 
also by many connecting characters which link 
together the individual orders For example, 
the retroverted palp of the maxillula in Gnatlio- 
phausia is repeated in the Cumacea and Tanaidacea, 
and the bianchial epipodite of the first thoracic 

r I u miUL.LJHlULilO LsUUJJtrL, 

limb m these two orders mav be derived from , tha Cofll measures 
the Bimpler appendage found m the Mysidacea i>eiow, showing the imbri- 

The families mentioned below are those woSiwa^p 1 ** 8 (After 
accepted by G 0 Sars, with the addition of 
the Petalophthalmidae, established by Holt and Tattersall (following 
Czermavsky) The sub-families of the Mysidae as adopted hero 
have been regarded by Norman as distinct families 
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Order Mysidacea, Boas (1883) 

Family Lophogastridae Lophoga&tei , M. Sars , Gnathophausia , 
Willeinocs - Suhm (Fig 100) Family Eucopiidae. Eucopia , Dana 
Family Petalophthalmidae Petalophthalmus , Willemoes-Suhm ; Han - 
scnomysis, Stebbing Family Mysidae Sub-Family Archaeomysinae. 
Archaeomym, Czemiaveky Sub-Family Leftomysinae Leptomysis , 
G 0 Sars , Erytlirops i G 0 Sars j Hactylei yth ops , Holt aud Tattersall , 
E uchaetomera, G 0 Sars , Amblyops, G 0 Sars , Pseuclomma , G 0 Sars. 
Sub-Family ArachNomysinar Ai achnomysis, Chun Sub-Family 
Myhidetinae Mysidctcs , Holt and Tattersall Sub-Family Mysinae. 
Mym , Latreille (Fig 99) , Maciornym , White ( = Pi aiums, Leach). Sub- 
Family Stilomysinae Stilomysis, Norman Sub-Family Heteromysinae 
HeteromysiSj S I Smith Sub-Family Mysidellinae. Myndella, G 0 
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Bars Sub-Family Siriellinae. Sinellct, Dana Sub-Family Gartro- 
saoolnae Ga8tro8accu3 , Norman, Anchialus, Kroyer ( = Anchialim, 
Norman and Scott) Sub-Family Boreomysinae. Borcomym , G 0 Sara. 
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CHAPTER X 

THE CUMACEA 

Order Cumacea, Kroyer (1846) 

definition — Peracarida in which the carapace coalesces dorsally 
the first three 01 four thoracic somites, overhangs on each 
to enclose a branchial cavity, and is produced in front into two 
s which usually meet each other above in front of the head to 
a pseudorostrum , the telson may be coalesced with the last 
,e , the eyes are generally coalesced into a single organ set on 
mmovable process of the head , the antennules may be 
ious , the antennae have no exopodite , some of the thoracic 
j have natatory exopodites , the first three pairs are modified 
axillipeds , the first pair have an epipodite generally pro- 
l with branchial lobules and an exopodite forming a respiratory 
■n , the pleopods are absent in the female and often reduced 
e male , the uropods are styliform , the young leave the brood- 
1 before the appearance of the last pair of thoracic limbs 
listoncal . — The first described Cumacean was the Oniscus 
oicles of Lepechin (1779), and other species were described by 
Agu (1804), Say (1818), and H Milne-Edwards (1828) The 
nmed author established the genus Cumct, from which the 
of the order is derived, but he later regarded this a9 being a 
l decapod, and he maintained his opinion of the larval nature 
e group as late as 1858, although Kroyer had described 
rous females in 1841 and his discovery had been confirmed 
G-oodsir and others While Spence Bate, Norman, Lilljeborg, 
en, Dohrn, and others have contributed descriptions of species 
observations on structure and development, by far the greater 
if our present knowledge of the group is based on the elaborate 
oeautiful memoirs of G-. 0 Sais 

Morphology 

he general shape of the Cumacea is usually very characteristic, 

; to the sharp distinction between the inflated cephalothoracic 
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un and the slender and very mobile abdomen carrying at its tip 
styliform uropods (Fig 111). The extreme specialisation of 
respiratory system, with the concomitant modification of the 
nor part of the carapace, are the most sti iking features 
rentiatmg this from the neighbouring orders As in the 
■idacea and Tanaidacea the first thoiacic limb (niaxilliped) 
les a backwardly directed membranous epipodite lying in a 
by between the carapace and the side wall of the body ; but in 
Cumacea this epipodite is of relatively groat size, and is 
lly (though not always) furnished with lespiratory processes or 
illae (Fig 112, br\ which may be very numeious and are often 
er developed in the more active males than in the females 
Bnorly, the branchial cavity is continued as a narrow channel 
red by a forward extension of the lateral plate of the carapace, 



Fra 111 


idylls Goodslri , 9, from the aide x 4 a' mitenniile , l 1 , W, llrat and lirth legn (fourth 
ghtli thoracic appendages), m, brood-pouoli , ps , pHeudorOBtuim , t, t<slsou , in, uroi>od 
Sara ) 

two lateral plates generally meeting each other above m front 
le head and forming a more or less piominent pseudw ostrum (jjs) 
led by a Y-shaped fissure (Fig 112, fi) Within this channel 
the exopodite of the same appendage in the form of a narrow 
: bearing distally a membranous expansion, which is rolled 
l itself to form a tube, or unites with its fellow of the opposite 
in a single tube (ex) capable of protrusion fiom the front of 
head below the pseudorostrum Sometimes the pseudorostral 
ss do not quite meet in front of the head, and m certain genera 
osiphon) these plates, and the respiratory channels which they 
r, are placed wide apart at the sides of the broadly expanded 
^al region, while the exopodal tubes project as long tiansparent 
ms. 

5yes are altogether deficient in many genera. When present 
are usually coalesced to form a single median organ (Fig 
e) borne on the front of the head, which is produced into an 
ferous lobe lying between the two plates of the pseudorostrum 
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When tlie lateial plates are removed, the conformation of the head 
and the position of the eye show some similarity to the ariange- 
mcnt met with m the Oecheerotidae 
among the Amphipoda The two eyes 
are distinct m the embryo, and in one 
genus (Nannastaais) also 111 the adult 
Appendages . — The antenmdes larely 
have both flagella well developed, the 
inner being usually reduced or absent 
The antennae differ lemarkably 111 the 
two sexes In the female (Fig 112, a") 
they are vestigial, while in the male they 
consist of a stout peduncle of five seg- 
ments, of which the last two are enlaiged 
and clothed with a biush of long setae, 
while the flagellum is filifoim and may 
exceed the length of the body (Fig. 113 ) 

I11 life this long flagellum is usually 
earned folded close to the side of the 
body, piotected by the lower edge of the 
carapace and by the pleural plates of the 
abdomen, or in a special groove which 
runs along the sides of the abdominal 
somites In the genus Lamprops the 
antennal flagella of the male are short 
and stout, anil are used as clasping-organs 
to hold the female 



Fin 113 

Diagram of anterior part of 
body of Di-astf/liti , from above, 
allowing the internal organa ft', 
nntanmile , a", antenna , hr, 

brand Liul epipodite of ilret maxil- 
lipod enclosed in brnncliinl cavity 
at able of carapace , e, eyes, coal- 
esced into one , lx, exopodite r 


Jlrst maxlllipeil, forming the re- 

The mandibles never carry a palp, but Hpiratory aipbon , />, lateral 

v A 1 Vinniw l» nf ‘ • frnrm t.n T 

in other respects conform to the type 
characteristic of the Peracanda. In the 
Leuconidae and m the genus Dmstyloides 
the body of the mandible is short and 
triangular and the row of spines is reduced 
molar process is styliform 


branch 'of "frontal ilssure" be 
tween tho henrl and the lateral 
plntc of pNOiidorostium , h, heart , 
/irp, hepatic caeca, l\ Unit pair 
of legs , or, ovary , ps, paeudo- 
roatrum (Aftei Sura ) 


In Campylaspvs the 
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rteroaumi pedhuttum, <$, from the Caspian Sea. (After Sais, from fine// Brit ) 


The mmllulae (Fig. 114 , A), except in Platyaspis and Pam- 
lampiops, carry a retroverted palp as in Tanaidacea and Lopho- 
gastndae. The maxillae (Fig 114 , B) with their two terminal 
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PlO 114 

A, maxilluU, B, maxilla, of Diastylla Goodsin 


endites present a close approximation to those of Tanaulaccu and 

Isopoda In Campylaspis the endites are suppressed 
isopuun ru xr The firat t j immc apprwliujrs 

with their respiratory opipochtos 
(Fig 115) have a closo joscm- 
blance to those of thoTiin.iuhicon, 
m which group, howovei, thoui 
is no exopodite The Imsipodit.o 
has an endite dnoctod distiilly, 
and carries on its inner edge 
two or three hooked spines 
(“coupling-hooks”) winch mLer- 
lock with those of the other side. 

The second and third thoracic 

opodite) p, palp. According to Hansen's later l im b s though less SpOCUlllSOU, 
interpretation,tnechitinous pi ace here numbered ° A .-,11 , 

4 fn the maxilla does not represent a distinct may alSO 00 reckoned as mnXlIll- 
segruent, and the endites and M result from +p, nTT 0 ,, ft +nvnnrl fnv- 

the division of a single endite belonging to the peds, S1UC6 tney aiG tUHlOfl IOl 

third segment (After Hansen ) wards and applied to tho Oral 

region with their basipodites flattened and meeting in the middle 
line, while the terminal segments are relatively 
weak and earned m a folded position The 
second pair are without exopodites, hut in the 
female a small scale bearing a fan-like fringe 
of setae is attached behind to the base of the 
limb, projecting backwards into the marsupial 
chamber and serving to keep in motion the 
eggs or embryos contained therein This Beale 
is doubtless homologous with the oostegites, 
which are well developed on the four succeed- 
ing pairs of limbs, where they are firmly 
attached to the small coxal segments The 
third pair are only rarely devoid of exopodites 
The fourth pair of thoracic limbs are long 
raptorial or prehensile legs (Fig 111, 2 1 ), 
though their broad basipodites, sometimes 
meeting m the middle line, are not dissimilar 
to those of the preceding pair. The fifth pair 
(2nd legs) often have a reduced number of 
joints and differ in details from the succeed- Firat maxiiiiport of di«* 
in 8 Aree pairs, which are all similar and appear 
to be lossorial in function. The small terminal 
segment m these limbs is tipped with a com- forming tb« r«Bpfratory 
paratively weak spine, which only in the 8ll>ton (AftarBar “ ) 
xS atmastacidae becomes a stout curved claw Natatory exopodites 
are always present on the fourth pair (1st legs), and usually on 
one or more ’of -the succeeding pairs m the female sex, in the 
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males (Pig 113) they are generally piesent on all save the last 
pair of legs 

The pleopods are always absent in the female and sometimes in 
the male, but more usually in the latter sex from one to five pairs 
are well developed and bnamous The uropods are always con- 
spicuous, their slender rami furnished with comb-like rows of spines 
apparently used in cleaning the anterior appendages, for which 
purpose the abdomen can be flexed ventrally and sometimes also 
dorsally 

Internal Anatomy — The masticatory stomach is stated to 
resemble closely that of the Tanaidacea There are from one to 
four pairs of hepatic caeca (Pig 112, hep) In one genus ( Platycuma ) 
the anterior part of the intestine is coiled, forming a spiral of 
two and a half turns within the carapace, but it has not been 
ascertained whether the coiled part belongs to the mesenteron or 
to the proctodaeum In this genus also the hepatic caeca appear 
to be absent. The heait (h) is usually somewhat elongated, but 
in Platycuma it is subglobular. There are three pairs of ostia. 
Besides anterior and posterior median arteries, the heart gives off 
a pair of antero-lateral vessels and an unpaired descending artery 
A well-developed numUai'y gland is present, which, according to 
Claus, resembles closely that of Apseudes (Tanaidacea) The 
ventral neme - chain consists of ten thoracic and six abdominal 
ganglia 

The simple tubular paired ovanes are connected, at least in the 
young, by a narrow transverse bridge The openings of the 
oviducts have not been seen The testes are separate, tubular, with 
four small caeca anteriorly The short vasa deferentia open on 
the sternal surface of the last thoracic somite 

Development 

The development appears to resemble, in its mam features, 
that of the iBopoda In the earlier stages the embryo is curved 
dorsally As in the Tanaidacea and Isopoda, the young leave the 
brood-pouch with the last pair of legs still undeveloped In certain 
species this deficiency persists very late, and possibly in some 
cases throughout life 

Remajiks on Habits, etc. 

The Cumacea are exclusively marine (including under this term 
the group of peculiar species inhabiting the Caspian Sea), and are 
generally found burrowing in sand or mud. No species appears to 
be truly pelagic, although the actively swi mmi ng males of some 
species, and lesB commonly the females, are found in the plankton 
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of inshore waters. In Arctic seas the Cumacea are conspicuous by 
their abundance and relatively large size, but they are also common 
in suitable localities in tropical waters. Many species, often also 
of considerable size, occur in the deep sea 

The thirteen species known from the Caspian Sea all belong 
to the family Pseudocumidae, and were originally reforrod to tho 
single genus Pseudocuma, which comprises only throe truly marine 
species. It is interesting to note that several of the Caspian 
species “mimic” m their general aspect widely different goneia of 
other families, and have on this account received such specific 
names as diastyloideSy eudm ellmdes, and campylaspoides 

The largest known Cumacean is the Arctic Diastt/lis Goodsin 
(Fig 111), which reaches a length of 35 mm Some doop-sca 
species are not much inferior to this, but the average size is much 
less, and some species do not exceed 1 5 mm. in length. 

No fossil Cumacea are known. 


Affinities and Classification 

The systematic position of the Cumacea has been somewhat 
obscured by the customary classification of the Malacostiaca into 
Edriophthalma and Podophthalma, since they unite the sessile eyes 
of the former group with the carapace of the latter As a matter 
of fact, apart from characters of specialisation which seem to have 
arisen within the order, they clearly stand midway between tho 
Mysidacea and the Tanaidacea, ]ust as they combine, to some 
extent, the swimming powers of the one with the burrowing habits 
of the other ® 


Oeder Cumacea, Kroyer (1846) 

P dotna ’ Goodair i-Oma, H Milne- 
Edwards) , Cyelaspn, G 0 Sara, Zygoeiphon, Caiman Family Vaun- 
tosipsoxiidae. Vauntmipsoma, Spence Bate Family Lkuconidau 
Uucon, Kroyer, Eudorella, Norman Family Nannastacidae Nau- 

Fam^P^r 6 Bate ’ G - 0. Sara , Platycuma, Caiman 

Family Ceratocumidae. Ceratocuma, Caiman Family Pseudooomidam 
Pteudocuuia, G O Sars , Pteroeuma, G O Sara (Fig 113) Family 
AitMOPiDAE. Lamprops, G 0. Sars, Pai alamprops, G 0 Sars Family 
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72 pis., 1899-1900. 



CHAPTEE XI 


THE TAN AID ACE A 
Order Tanaidacea, Hansen (1895) 

Definition — Peracanda in which the carapace coalesces dorsally 
with the first two thoracic somites, and ovei hangs on each side to 
enclose a branchial cavity , the telson is not defined from the last 
somite , the eyes, when present, are usually set on shoit, im- 
movable peduncles , the antennules may be biramous , the antennae 
may have a small exopodite , vestigial exopodites are sometimes 
present on the second and third pairs of thoracic hmbs , the first 
pair of thoiacic appendages are modified as maxillipeds, they have 
an epipodite lying in the branchial cavity, but no exopodite ; the 
second pair are chelate , the pleopods are usually present and 
biramous, the uropods are slender, the young leave the brood- 
pouch before the appearance of the last pair of thoracic hmbs 

Historical, — The first known member of this order was that 
described by Montagu m 1808 as Cancer qammaius talpa, now placed 
m the genus Apseudes Leach, Latreille, and others ranked the 
species known to them among the Amphipoda, while H Milne- 
Ed wards placed them among the Isopoda, remarking, however, that 
they established a transition to the Amphipoda Dana (1852) 
united them with certain parasitic and other Isopoda in a group 
Amsopoda interposed between Isopoda and Amphipoda, and Spence 
Bate in 1868 combined them with the Isopod Aathui idae and 
Anceidae (Gnathudae) in a no less heterogeneous group of “ Isopoda 
aberrantia” Van Beneden (1861) called attention to the im- 
portance of the carapace of Tanais as a systematic character, and 
approximated that genus to Cutm, and Mysis. F Muller (1864) 
also attached great weight to the same character Gerstaecker 
(1SS6) once more included the Tanaidacea among the Amphipoda , 
but this retrograde step has met with little support, and most 
modern writers follow Sars in ranking them as one of the tribes of 
Isopoda (Chehfera) Claus, however, in 1888 placed them m an 
independent order, for which he adopted Dana's name Amsopoda, 
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and which he placed between Iaopoda and Gumacea Hansen 
adopts the same view of their affinities, and suggests for the order 
the name which is here used Claus’s monograph on Apseudes is 
the most important source of information on the anatomy of the 
gioup, and the works of G 0 Sara are no less important as 
regards the description and classification of genera and species 


Morphology 


The general form of the body (Fig 116) resembles that typical 
of the Isopoda, being depressed or sub-cylmdrical, with a compaia- 
tively short abdominal legion and with the telson coalesced with 
the last somite The homology of the reduced carapace with that 
of the Cumacea and Mysidacea is indicated by the small cavity 
which it overhangs on each side and within which lies the epipodite 
of the first thoracic appendage Only the first and second thoracic 



fki no 

Apftcmlefi #]>ino*iui, female er, a qh tty I ilI oxoi>otlltGs of Bcconil and third thoracic limbs , ac. 
oculai lobe or peduncle , wo, scale (exopodlte) of antenna , nr, flngellifarm nroi»od (After Bare.) 


somites are coalesced with the carapace, but in S 'phyiapus the third 
somite is firmly attached to the head-region, although, according 
to Sars, it is not completely fused with it 

The eyes are often absent, but when present they are usually 
sot on fronto-lateral processes of the head (Fig. 116, oc), which in 
many species are defined by grooves and, although not movable, 
appear to correspond to the ocular peduncles of the podophtlmlmate 
gi oups 

Appendages — The antennules are biramous in the Apseudidae 
In some species the two flagella are stated to arise from a common 
basal segment, so that the peduncle consists of four segments The 
antennae have, in the Apseudidae, a small exopodite (Fig 116, sc), 
and the protopodite consists of two segments, not, as is usual in 
the Peracarida, of three The mandible carries a palp in the Ap- 
seudidae, but not in the Tanaidae The maxilhdae , in the former 
family (Fig 117, B), have two endites and a palp of two segments, 
but in the Tanaidae the proximal endite is wanting and the palp 
is unsegmonted The maxillae of the Apseudidae (Fig 117, C) 
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have a small palp In the Tanaidae the whole appendage is vestigial 
The lone) lip of the Apseudidae (Fig. 117, A) is peculiar in ha\ing 
each of the lobes terminating in a movably articulated lappet ^ 

The first pair of thoracic appendages are vumllipeds (Fig 1 17, D), 
agreeing with those of the Cumacea and Isopoda in having coupling- 
hooks on the endite of the basipodite The epipodite (ep) projecting 
backwards into the branchial chamber is most fully developed m the 
Apseudidae, where it consists of a peduncle bearing a spoon-shaped 
membranous plate which terminates postenorly in a filifoim pio- 
cess and is produced antenoily as a lounded lapjiet fringed with 
setae The resemblance of this appaiatus to the branchial 
epipodite of the Cumacea is unmistakable, and the filifoim 
termination may be compared with the inflected apex generally 
found in that group A small lobule found m some Tanaidae may 
perhaps represent the exopodite In the Tanaidae the maxillipeds 



Sars ) 

are more or less united at the base, the coxopodites, and some- 
times also (as in the Amphipoda) the basipodites, being coalesced 

The second pair of thoracic limbs are in nearly all cases com- 
pletely chelate and are usually much stronger than the succeeding 
pairs The third pair m the Apseudidae are flattened and apparently 
Fossonal in function The minute exopodites (Fig 116, ex) with 
which these two pairs are provided in many Apseudidae are placed 
dose to the exhalent and mhalent openings of the branchial cavity 
respectively, and by their vibratory motion assist m producing the 
'•espiratory cm rent. In all the thoiaeic limbs the coxopodite is 
very small, and in the posterior five or six pairs the limb ends 
n a curved claw 

In the Apseudidae there are five pairs of oostegites (the first 
jair very small) attached to the thoracic limbs, fiom the second to 
he sixth pair In some, perhaps all, Tanaidae only one pair of 
lostegites is present, on the sixth thoracic limbs 

The pleopods may be fully developed m both sexes, but some- 
lines they are reduced in number or altogether absent m the 



THE TANAIDACEA 


193 


female The uiopods are nearly terminal on the last segment of 
the body In Apseudes the two rami are long, mulbiartieulate, 
and flagelliform In other cases the rami may be much reduced 
and the exopodite is sometimes wanting 

Internal Anatomy — In Apseudes, the alimentary canal has three 
pairs of hepatic caeca The heait is elongated, extending through 
the six free somites of the thorax, giving off a median aortic vessel 
anteriorly and a pair of diverging abdominal arteries (but no 
median vessel) posteriorly. In Leptochelia and m the young of 
Apseudes it has two pairs of ostia, but in the adult Apseudes the 
right anterior ostium disappears and those of the posterior pair 
become asymmetrically placed. In Tanais only one pair persists. 
The anterior aorta, after dividing to encircle the brain m the 
median plane, forms a circumoesophageal ring, but there is no 
subneural sternal artery The lateral folds of the carapace are 
travel sed by a network of blood -channels supplied by branches 
from the anterior aorta, and no doubt form the chief organs of 
respiration, possibly assisted by the epipodites of the maxillipeds 
Considerable importance has been attached to the thoracic 
position of the heart in the Tanaidacea as differentiating them 
from the Isopoda and indicating affinity with the Amphipoda As 
a matter of fact, however, in certain Isopoda ( Jaena ) the anterior 
end of the heart extends as far forward as it does m Apseudes , 
and the suppression of the abdominal portion, leaving intact the 
paired abdominal arteries, would produce a disposition of parts 
essentially similar to that of the Tanaidacea. 

The maxilla ? y gland is well developed in Apseudes , and a vestige 
of the antennal gland has been described Dennal glands are 
commonly found on the body and limbs, and in some Tanaidae the 
secretion appears to be utilised in forming the tubes of mud m 
which the animals live. In Hetnotanais groups of gland-cells are 
described situated on each side of the anterior thoracic somites and 
opening by long ducts on the terminal segments of the correspond- 
ing legs, an arrangement which recalls that found m certain 
Amphipoda The nei've-cham m Apseudes has all the ganglia of the 
post-oral somites distinct 

It was stated by F Miiller that a species of Tanais possessed an 
open statocyst-cavity containing a statolith in the basal segment of 
the antennule, but the observation has not been confirmed. 

The reproductive organs of both sexes are of a simple type 
The vasa deferentia, in Apseudes, open close together on a median 
process of the last thoracio sternum A seminal vesicle is formed 
in Tanais and m Leptochelia by fusion of the two vasa deferentia, 
but here also the external opening is paired 

Sexual differences are often strongly marked. The olfactory 
filaments of antennules and antennae are, as usual, more numerous 
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in the male, the chelae are often much strongoi and differently 
shaped , and the pleopods ai e always well developed m that sex 
even when they are reduced or absent in the femalo In several 
genera of Tanaidae the oral appendages, with the exception of the 
maxillipeds, are entirely lost by the sexually matui e male Fntz 
Muller described a remarkable dimorphism of the males in a species 
of Leptocheha One form of male was distinguished by the gieat 
development of the olfactory filaments on the antennulos, and had 
chelae very similar to those of the female In the other form tho 
olfactory filaments were less numerous, but the chelae woie greatly 
elongated and slender These observations have been doubted by 
subsequent writers, but they have recently received paibial con- 
firmation from the work of G- Smith 

Development — The embryo shows at first a dorsal curvature as 
m the Isopoda A paired “dorsal organ” is present The laivao 
leave the brood-pouch with the last pair of thoracic limbs and the 
pleopods undeveloped In Apseudes, according to Claus, the lateral 
plates of the carapace are at first extended as wing-like piocesses, 
becoming afterwards bent downwards over tho branchial epipodites 
of the maxillipeds and fixed in position by peg-like outgrowths of 
the sternum on each side 

Remarks on Habits, etc. 

The Tanaidacea are exclusively marine and occui from betweon 
tide-marks to depths of over 2000 fathoms Many burrow in 
mud, some inhabit tubes of mud agglutinated by the secretion of 
the deimal glandB, and several species of Tanaidae are recorded as 
living m rock -crevices among a felt-like mass of filaments, pre- 
sumably also secreted by the animals 

Most Tanaidacea are minute Many species do not much 
exceed one millimetre in length, but some Apseudidae reach 
13 mm. or more 

No fossil Tanaidacea are known 

Affinities and Classification 

Mention has been made above of the very varied opinions 
which have been held regarding the systematic position of the 
members of this order Among recent wnteis, however, there is 
general agreement that the Tanaidacea must either stand as a 
distinct order or be merged in the Isopoda as the most primitive 
sub-order of that group. While their resemblance to the Isopoda 
in general form is consideiable, their marked divergence in such 
characters as the possession of a distinct carapace, with its branchial 
chambers, and the form of the epipodites of the maxillipeds, fully 
justifies their separation 
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The two families into which the older is divided are dis- 
tinguished by many impoitant characters, and it may prove 
necessary in the future to rank them as sub-orders. 

Order Tanaidacea, Hansen (1895) 

Family Apseudidae. Apscudes, Leach, Sphyiapus , Norman and 
Stebbmg Family Tanaidae Tanau, Audomn and Milne-Ed wards , 
Hetei otaiiais, G 0 Sara, Leptochcka , Dana 

Lite it a lure 

1 Boas, J E V Klemeie caicmologischo Mittheilungen 1, Eme neue Art 

del Gattung Apseudcs Zool Jalirb n pp 109-116, 1886 

2 Clans, C. Uebci Apseudcs Latreillci, Edw , imd die Tanaiden Arb. zool 

Inst Wien, v pp. 319-332, 2 pis , 1884 , op cvt vn pp 139-220, 7 pla , 
1887. 

3 Dohm , A Untoi such ungen uber Bau und Entwioklung der Aithropoden 

7 Zur Kenntmbs vom Bau und der Eutwichlung von Tanais Jenaisohe 
Zeitsolir v pp 293-306, pis xi and xn , 1870. 

4 Bars, O 0 Revision af Gruppen Isopoda oholifeia, med cliarakteiistik of 

nye heilion lioiende Artei og Slaegter Aicli Math Natuivid vn 
pp 1-54, 1882 

5 Nye Bidiag til Kundskaben om Middelhavets Invertebiatfauna III 

Middellmvota Saxisqpodei (Isopoda ohelifera). Aroli Math Naturvid 
xi pp. 263-368, 16 pie , 1886 

6 Smithy O High and Low Dimoiphism , with an acoount of certain 

Tanaidae of tho Bay of Naples Mitth zool Stat Neapel, xvu pp 
312-340, pis xx -xxi , 1905 

Many of the woiks quoted in the list at the end of the next chapter deal, in 
part, with tlie Tanaidaoea See especially those of Beddord, Delage, Hansen 
(Plankton Expedition), Norman and Stebbmg, Richardson, Sars, and Spence 
Bate and Westwood 
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Order Isopoda, Latreille (1817). 

Sub-Order 1. Asellota 

„ 2 Phreatoicidea. 

„ 3 Flabellifera. 

„ 4 Valvifera 

„ 5 Omscoidea. 

„ 6. Epicandea. 

Definition — Peracanda in which there is no distinct cai apace, 
but the first thoracic somite (rarely also the second) is coalesced 
with the head , the telson is rarely defined from the last somite , 
eyes sessile or set on immovable processes of the head , antennules 
umramous (except in Bathynomus ) , antennae sometimes with a 
minute exopodite , thoracic limbs without exopodites , fust pair 
modified as maxillipeds, the epipodite, when present, not enclosed 
m a branchial cavity , remaining parrs all similar oi variously 
modified, coxopodite always short, often fused with the body and 
expanded laterally, pleopods typically biramous, with lamellar, 
branchial rami, generally the second and sometimes also the first 
pair modified m the male , heart lying wholly or partly m abdomen , 
the young leave the brood-pouch before the appearance of the last 
pair of thoracic limbs 

Historical — The terrestrial habits of the more familial membors 
of this order, and the close resemblance which some of them bear to 
certain Diplopoda (Oniscomorpha), led to their being widely separated 
from the other Crustacea in many of the earlier systems of classifi- 
cation Even Latreille, to whom the name Isopoda is due, placed 
them at first among the Insecta Leach ranked them along with 
the Amphipoda m his group Ednophthalma, thus giving them the 
position which they occupy m most modern systems Our know- 
ledge of the morphology and classification of the Isopoda is largely 
due to the work of Scandinavian naturalists, especially to the 
monographs of Schiodte, Memert, G. 0 Sars, Bovallius, Budde- 
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Lund, and Hansen The remarkable group of the Epical idea has 
attracted many investigators, but it is especially to tho momoirs of 
Giard and Bonnier that the student must turn for a clear account 
of their structure and complicated life- 
histones. As regards the internal anatomy 
of the Isopoda, the literature is scattered 
and fragmentary, but Delago’s study of 
the circulatory system must not ho passed 
without mention Bullar’s discovery of 
hermaphroditism among the Cymothoidae 
is also notewoithy 


Morphology 


free -living 



In the majority of the 
Isopoda the body (Fig 1 1 S) is more 01 
less flattened, with an oval outline as seen 
fiom above and with a short abdominal 
region In the Arctundae and Antlmndac, 
however, it is elongated and sub cylindrical, 
and in some of the latter family it is almost vermiform. In Pfoear 
toicus (Fig 119) the body is laterally compi eased and the aspect is 
that of an Amphipod In tho paiasitic Epicandca the adult female 


Fig US 

J'untlfui v'ltln 1 1, 9 , 1I01 sill view 
H (Aftm Sum ) 



Fin nn 

J’hu atoi' itB tiMlmlii, ? , ft mil tliu mIiI ii X s (Altii'i Clilllon ) 


becomes moie or less distorted and deformed and may oven lose all 
trace of segmentation In addition to the first, the second thoracio 
somite becomes united with tho head 111 the Gnathndae and Serolidae, 
in the genus Stenasellm among the Asellota, and in a few Valvifera 
The laBt thoracic somite occasionally remains of small size and 
without appendages m the adult, as it nearly always is m the 
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young Very often some or all of the abdominal soinifcos are fused 
together, and the last somite is always coalesced wiLh tlio tolson 
except in certain Anthundae The abbreviation of the abdomen 
is least in the Phreatoicidae , in the other families the anterior 
somites are short and crowded together, though the tolsomc seg- 
ment is often of large size The abdominal somitos are usually 
expanded laterally into pleural plates, and the thoracic somites 
may bo similarly produced over the bases of tbo logs, but m those 
the pleural plates are often supplemented or loplaced by the 
expanded coxopodites which here foim the cm til plates or so-callod 
“epimera ” 

Appendages — The antennuks are usually short, and in tho 
Omscoidea they are 1 almost or quite vestigial They are novor 
biramous except in Bathynomus , where a minute vostigo of the 
inner flagellum is present, and in the cryptoniscan larvae of some 
Epicandea 

The antennae vary much in length, being several times as long 
as the body in some Asellota, while in the Epicandea they aio 
hardly more than vestiges Tho peduncle usually consists of five 
segments, but in the Asellota and in Bathynomus and Cnolana it 
has six In the Asellota a minute movably aiticulated scale repie- 
senting the exopodite is sometimes present on tho third segment 
In all other Isopoda the exopodite is absent In tho Arctundao tho 
antennae are very large and strong and are used 111 soizmg prey 

The mouth-parts of the Isopoda show great diversity of stiuc- 
ture, many modifications being correlated with tho parasitic or 
semi-parasitic habits of certain groups In the more typical forms 
(eg Asellus) the mandible carries a palp of threo segments, and has 
a serrated incisor process, with a lacmia mobilis, at least on tho 
left side of the body, a row of spineB, and a strong molar process. 
The molar process is movably articulated with tho body of tho 
mandible m the Cirolamnae (Fig 120, A) Tho numllula (Fig 
120, B) has two endites (coi responding, according to Hansen, to 
the first and third segments) directed distally and bearing strong 
setae or spines There is no trace of a palp such as exists m the 
Tanaidacea. The maxilla (Fig 120, C) has threo endites, the 
proximal one directly continuous with the basal part and directed 
obliquely inwards, the two others aie directed distally, over- 
lapping each other and movably articulated with tho basal part , 
Hansen regards these as resulting fiom the division of a single 
endite corresponding to the third segment 

The first thoracic limb is always specialised as a maiillipnl 
(Fig. 120, D) and closely associated with the other mouth-parts 
It has a short but distinct coxopodite bearing externally a lamellar 
epipodite (ep) generally more or less indurated, and not, apparently, 
branchial in function as it is in the Tanaidacea, but serving as an 
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operculum to cover the lateral parts of the other oral appendages 
The basipodite is produced distally into a large endite (l 2 ) which is 
sometimes movably articulated (. Bathynomus , Ciiolana , Chmdotm ), 
and which bears one or more coupling-hooks (c) interlocking with 
those of the opposite side The endopodite or palp consists, in 
the typical case, of five more or less lamellar segments, but the 
number is often reduced In the ovigerous females of Asellus and 
of certain genera of Valvifera the coxopodite bears a small lappet, 
fringed with setae, projecting backwards into the marsupmm and 



Fia 1J0 

Mouth-pill tn of vnrlouH Inopodn A, mandible of Cl) olanahm rails B, niazlllnla of Cliiridotia 
entomon. C, maxilla or Hcmm D, inaxllllped of natno E, maxllllpod of adult female of Iioainelu, 
tlnninimiennia F, inaxlIHpnd of adult male of wuim l, coupling spina , cp, epipodite , i, Inclflor 
procesH , li, l nndlteH of nucceHsive of the append iiRee (according to Hansen's 

later Intel probation tlie ondlturt l /** of the maxlllula result from the division of a nlngle endite) , 
tarn 1 * 3 , laminar outgiowtliH of llrsb and second segments of maxllllped , in, molar process , 
palp , laolnlti niublllH mid Hplnu-row oT mandible, which in thlH cuho are closely associated 
tugutliei , 1, 2, 8, sue cunsl\ e sogmentH of the appendages (Alter llansen ) 

resembling the coxal appendage of the second thoracic limb in the 
females of Cumacea A similar plate, moie largely developed, is 
found in the females of Cymothoidae (Fig. 120, E) and Epicandea 
and of some genera of Sphaeromidae, where it is associated with 
an expansion of the basipodite and with the epipodite, giving a 
lamellar character to the whole appendage In all these cases the 
vibratory motions of the maxilliped cause a current of water to 
pass through the marsupium foi the aeration of the developing 
embryos. A Bimilar expansion of the basipodite united with the 
epipodite occurs also in Set oils, where, however, the coxal lobe is 
not developed. The position of this coxal lobe and its occurrence 



200 


THE CRUSTACEA 


only in the adult female suggest its possible homology with tho 
oostegitea of the following somites 

A s an example of extreme modification of tho mouth-parts and 
of exceptionally marked changes taking place during development, 



1 ii ui 


Giinfkia maxllluns A, late larval form (Pmni/n Htage). 11, huul of Hiurm, fmm below, 
further enlarged C, adult female D, nocoiid thonu it apjmitilugn uf hiiiiiu, hntlini uil/irgud 
E, adult male F, mnxilhppd (llrat thoracic appendage) or wune, I ill liter nnlmgod (1, muond 
thoracic appendage of same m, mandible or main, on tji, ltULxll 1 1 imd of larva, II, III, VII, 
second, third, and seventh thoracic appuiulageH (tlm eighth Jh imdov eloped In adult* nr this 
family). (After Sara , B partly aftei Cl Smith ) 


the oral apparatus of the very aberrant Qnathia limy lie here 
descnbed In the larval state (Fig. 121, A), Ghuiihut is parasitic 
on fish, and the suctorial mouth -paits form a short conical 
proboscis (Fig 121, B) The mandibles are styhfonn, finoly 
serrate on the inner edge, without palp, molar process, lacuna 
mobilis, or spines. The maxillulae and maxillae are simple, slender 
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stylea The maxillipeds (mqj), which clusc the oral cone below, 
have an elongated basipodite produced diatally into a slender 
cndite, with many coupling-hooks , the next segment is also pro- 
duced distally as an acute, senate point, and the remaining 
segments of the endopodite ai e coalesced into a short palp The 
appendages of the second thoiacic segment (II), which in this 
family is coalesced with the bond, lie on either side of the oral cone 
and end in strong curved claws which no doubt assist in pene- 
tiating the skin of the host. The adult animals are free-living 
and have the mouth-parts \eiy differently developed in the two 
sexes In the male (Fig 121, E) a pair of lelatively enormous 
mandibles (///) aie articulated at the outer coiners of the front 
margin of the head and are apparently used only as defensive 
weapons. The small aperture of the mouth is placed much further 
back on the lower aiu face of the head The maxillulae and 
maxillae arc entirely lost The maxillipods (Fig 121, l 1 ) are broad 
and flattened, composed of six sogment9 tapering gradually to the 
apex ; the endite of the basipodite is small and the other segments 
,ue fimged externally with long plumose hairs The appendages 
of tho second segment (Fig 121, G-) have lost the pediform 
charactci which they have in the larva and in all other Isopoda, 
and form a pan of overlapping valves closing over the oral area 
Each consists of a huge oval plate showing tiacos of three segments 
and bearing distally one or two minute terminal segments In 
feeding, these valves are opened out and the vibratory movements 
of tho maxillipods ptoduce a cunent of water which is supposed 
to carry food-particlos towards the mouth In the female (Fig 
121, C) the mandibles have disappeared and the maxillipeds are 
similar uo but smalloL than those of the male The second 
thoracic limbs (Fig 121, D) are, howevor, very different, consisting 
of a small leglike appendage of three segments, having at its base 
a large oval plate which piobably represents an oostegite, although, 
in tins genus, distinct oostogitos are not found on any of the 
other limbs 

In the Epioaiidoa the styliforni mandibles are enclosed in a 
suctorial “oral cone "formed by the upper and lower lips The 
maxillulae and maxillae are vestigial or absent, and the lamellar 
maxillipeds serve, as already mentioned, to keep a current of water 
flowing through tho brood-pouch. In the ovigeious females of many 
Cymothoidae the mouth-parts are covered by the antei lor oostegites, 
so that the animal is incapable of feeding, and in some genera of 
Sphaeromidao the mouth -parts of the adult females (with the 
exception of the maxillipeds) are i educed and functionless. 

The last seven pairs of thoracic appendages in the Isopoda are 
typically developed as walking-legs which may, as in the Oniscoidea, 
piesent a uniformity of size and shape justifying the name Isopoda, 
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but which in other cases undergo many modifications foi prehensile, 
natatory, and other functions The coxopodite has the form of a 
complete segment movably aiticulated with the body only in the 

Asellota (Fig 123, e,i) In all 
other Isopoda it is more or less 
completely fused with the body 
and is often expanded into a couil 
plate overhanging the attachment 
of the limb and leplacing tho 
pleural expansion of the somite 
to which it belongs Anintoiest- 
mg senes illustrating this substitu- 
tion can lie traced within tho 
family Idoteidae In Idotea hectica (Fig 123, A), the pleural plates 
(pi) of the thoracic somites are well developed and completely 
cover the coxopodites (ci), of which the outline can be turned on the 



Thoracic somite of Jacm marina , separated 
and seen train In fi ont. lut, bnnipodite ot tlio 
raclc leg , lx, CQMjjiodltc , pleural plate 



Fici 1JS 


Margin of thoracic Roinltefl of, A, Tihitca liectim, B, T nlioh uxh , C f r hlrMntm whim Tlio 
upper figures hIiow the uwlei him face, the lowei the upper Hiulatr i jr, coxal plate (dotted) 
pZ, pleural plate , o, rudiment of oosteglte 


under-side of the plates near the outer edge In other species of 
the same genus (Fig 123* B) the coxal plate projects beyond tho 
outer margin of the pleuron for a part of its length so as to bo 
visible on the upper surface In yet other species of the genus 
and in the allied Clmidotea (Fig 123, C), the pleura are no longer 
to be distinguished, and their place is taken by the greatly de- 
veloped coxal plates, which are marked off, on the dorsal surface, 
by distinct sutures, generally allowing a slight amount of move- 
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ment This condition is found in tho Cymothoidae, Serolidae, 
some Sphaeronndao, and in the Tylidao among the Omscoidea 
When tho suture lmo disappears, as 111 most Omscoidea (Fig 
118), it is impossible to distinguish tho coxal plate from a true 
pleuron. In all Isopod a, however, with the single exception 
of tho genus Phikavlhmim (Sphaeromidae), the coxopodites of 
the second thoiaue somite (tlie first froo somite) are completely 
coalesced with tho body 

Tho isohiopodito of tho thoracic logs is generally more or less 
elongntod, not very short as it 
is 111 T.maidacoa and Ainpln- 
poda The dactylopodito goum- 
ully ends in a stout claw which 
may be completely coalesced 
with tho sogmont or definod 
fiom it by a suture In Jinum 
and some other Asollota, how- 
ever, there are several stout 
claw-like spines 

Very commonly one or 
more of tho anterior pans of 
thoracic legs assume a pre- 
honsilo function and become 
moie or loss completely sub- 
cliela to, through never forming 
a perfect chela such as is 
found among tho Taimidncoa. 

The most perfoct natatory legs 
are found in Mivmwjpm and 
related gonora, where the last 


apiiuiMlngHS h, nliiloinen of emltuu with miliorlng 
uuilo((5)i furtlmr milurgod (Aller Ooinalla and 
I'niic.Hn, from Olaua'B Tcatibnoh ) 

thoracic appendages (fiist and second peraoopods) are unrepresented, 
except by the oostegitos in the female, a condition curiously repeat- 
ing that found in tho Caprollidoa among Amphipoda 

The oosfrrjiies (Fig. 124, Brl\ which, in the great ma]onty of 
Isopoda as m other Peracarida, form the brood-chamber of the 
female, are clearly seen m the Asellota to be attached to the 
coxopodites of certain of the thoracic logs. In the other tribes 
the coxopodites are more or less completely coalesced with the 
corresponding somites and the oostegites appear to spring from 
tho ventral surface of the body close to the bases of the legs In 
certain Oymothoidae and Epicnridea a pair of oostegites is present 


threo pans have tho carpus and 
propodus expanded into oval 
paddles fringed with long setae 
In Amrsnpoufi (Valvifora) 
fourth and fifth pairs of 
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m each of the seven free thoracic somites, the last two pairs, 
lowever, being very small If, as has been suggested above, the 
loxal lobe of the maxillipeds is homologous with the oostcgites, 
,ve have the possibility of those structuics being devoloped on all 
jhe thoracic appendages Moio usually, however, only the hist 
ive free somites bear oostegites, and the number may bo still 
urther reduced, certain geneia of Aictuudae possessing only ono 
3air attached to the fourth free somito 

Though the development of the oostcgites lias boon tiaced in 
inly a few cases, it is known that impoitant cliHoiouccs occur m 
.his lespect In Asellus they appeal as small buds fioni the 
'oxopodites, increasing in size at successive moults until matuiity 
s reached In the Oniscoidoa, on the otlioi hand, no ti.irc of 
>ostegites is visible exteinally up to the moult winch immediately 
ireeedes opposition Just before this moult tliey are duvolo]>od 
inderneath the cuticlo, and when this is wist otl they at once 
xpand to their full size Special stiuctuios aiding or replacing 
he oostegites in containing the biood will be described later in 
onnection with the reproductive system, but it may lie noted lime 
hat in a few Isopoda (Cassuhm and a few allied geneia among the 
Iphaeromidae, and some Epicandoa) the oostegites appear to bo 
ntirely wanting 

The pleopods are almost always bnaiuous, with a short pioto- 
odite in which three segments can be lecogmscd in Jlttflu/nnimt s’, 
nd with lamellar rami gcneially oveilappmg each otliei with the 
xopodite m front One or both of the rami may ho dossed by a 
attire-line dividing it into two segments In the mmploi cuhoh .ill 
he pleopods are similar (except foi the sexual modifications to be 
escribed below), both rami serving as rcspiratoiy and m many 
ises also as natatoiy oigans. Tlic latter function is indicated by 
marginal fringe of long setae and by the presence of a gmup of 
Dupling-hooks on the inner side oi the peduncle Pleopoda of 
ns type are found with comparatively slight modifications m the 
’hreatoicidae, Gnathudao, and Cymotlioidao, but in some momhors 
F the last two families tlio natatory setae, present in the young, 
re lost in the adult This is the case also in tlio Epicandoa, where 
le pleopoda of the adult may become much reduced oi altogothoi 
ippressed, or may, on the other hand, develop into aiboiescont 
ranchiae In the aberrant Cymothoul Balhynomvs the endo- 
odites bear tufts of ramified branchial filaments Even in tlio 
ymothozdae, howevei, the uniformity of tlio pleopods is slightly 
ualified by the fact that the endopodito of the fifth pair is always 
Bvoid of marginal setae This leads to the specialisation of 
motions found m Sphaeromidao and Serohdae, whole tlio anterior 
airs (the first three in Serohdae and many Sphaoi onuduu) are 
cclusively natatoiy and the postenor pairs exclusively branchial 
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In many Spbaeionndao one or both rann of the last two pairs are 
transveisoly plicated so as to increase the respiratory surface. In 
some members of those fannlios the exopodite of the fifth pair is 
more or less indurated and foims a kind of opeicnlum piotectmg 
the moio delicate appendages behind it Opercular structures 
having a similar function aio f 01 mod 111 different ways in other 
familios In some Anthuudao the first pair of pleopods 


are 


In the Asellidae and 



— t. 


enlarged and covoi the lemaming pairs 
Stenetrudao the exopodito of the thud 
pair pel forms the samo function In 
the Pai asellidae an unpaired plate 
formod by the eoaloscence of the fiist 
pair forms tho operculum m the female, 
the male having a tripartite operculum 
formed by the fust and second pairs 
In tho Veil v if 01 a (Fig 125), finally, 
the pleopods are covered in by the 
valvo-liko uiopods A very special 
line of modification has been followed 
m the case of tho Omscoidoa In the 
Ligndae, which are 111 many ways the 
most primitive family, the pleopods aio 
all similar, with the exopodites stouter 
than the ondopoditos but sbating in 
the’ respiratory function I11 many 
genera of the loinammg families, how- 
evei, the exopodites of tho first and 
second, and sometimes of all five, pairs 
are specially adapted foi aerial respiration by the development 
within them of small cavities opening to the exterior by slit-like 
apertuios and giving use internally to a system of minifying 
tubules filled with an (Fig 126) Those tubules, which are lined 
with a delicate chitinous cuticle, are known as pseudo-ti acheae (/?) 
In certain cases ( Oiuscux ) in which pseudo-tracheae are absent, their 
place is taken by a system of air-filled spaces immediately under 
the cuticle of tho exopodite These spaces do not communicate 
with the exterior, and appear to become filled with air by diffusion 
through the cuticle 

In the majority of Isopoda the second, and sometimes also the 
first, pair of pleopods piesent special modifications m tho male sex, 
the only oxcoptions being the Epicandea and the small and 
abenant family of the Gnathndae, among tho Flabelhfera, wheie 
no Buoh modification is found. In the remaining families of the 
Flabelhfera and m the Phreatoicidea and Valvifera, the lamellar 
endopodite of the second pair beais, 111 the male sex, a rod-like 
process ( appendix masculma) (Fig. 127, m) articulated with its inner 


Fin 126 

Untlnr-Hidu of nbdomon of main 
lilnku /tri/Hm, \\ Itli one of tlm uropodit 
loinovoil to hIiow tho ])lfioi*odn 1, 2, 
I, llmt tlnoo Homllea of abdomen , t , 
tolHonlp NeKineiit compi Islug the last 
three abdominal Homlteu coalesced 
\\ 1th tho tolHon , idp, plpapods , i/r, 
:hed tonteinum 


mujiod , p, punes, attacl 
of hint thoiadti uoinlto 


(After Sara ) 
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edge and grooved for the reception of the bundles of Hpniin.itozoa 
which it ib its function to transfer to the fonmlo ThN i otl appeals 



A, exopod Ite of first pleopoil of J'turctlUn annhai , tlirs tull ol ])hmihIo>I kli Iir/m In m*i n 1 lnmi^li 
the transparent cuticle. B, \ ertltal tmnHviii-Hu wicMtm llmnigli nuiiim (', pm I uJnmIIoii (iti ( In i 
enlarged a?**, point of articulation of oxopodlfcu with pm him In , c, inllili , i/ tj "pinniiNl ntmt 
of cuticle, hy, liy]>odornils , n, nuclouH ofhypodoi iiiin ul pHniulo lint heal hilm , o, i xlmiui uni 11 
mg of pseudo-tracheae , Ir, pseudo-tracheuo (Attui ) 


to be the distal segment of the endopodito In tho groups just 
mentioned the pleopods of the fiist pan arc similar or present. 

but slight dittbionces in tho two 
sexes, but in tho mnjmily of tho 
Omscoidea and m tho Asollolu t-lio 
first pair aro also modified m tho 
male sex. In tho mules of tho 
Omscoidea tho inner minus of flu* 
second pun is styliform and oom- 
— m. p°sod of two sogmontH, of which 
tho proximal cm i Depends to tho 
mam part of tho ondopodilo m 
groups above mentioned. in tho 
family Ligndue this ih tho only 
,. en modification of the ploopods ui t.lio 
male sox, hut in all tho ot.lior 
Omscoidea tho tirsb pair have the 
Fia 127 endopoditos also styliform, though 

Second pleopod of an ovlgeroun fomalo UllSOgniGllted 

of Iu thQ AboIIoUI tho HItXiml modi- 

ficatl ° ns of th> P^opodK lira more 
complex and differ fiom those of nil 
other Isopoda The second pan aro always absent in the female 
In the females of Aselhdae the first pair aro small, mimunoiw, and 
separate , m the Stenetmdae and Parasolhdao tlioy aro coalesced, 
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foimingj 111 the lattei family, a laige operculum which completely 
covors the following pairs In the male sex the Asellidae have the 
first pail not gioatly different from those of the female , the second 
pair aie small, with a shoit piotopodite and two rami, each of two 
segments, tho endopodite having a cavity in the distal segment In 
the Steuotnidae the fust pair are paitly fused together and the second 
pair are to somo extent mtci mediate in structure between those of 
the other two families I11 the Parasellidae the first pair aie fused 
together, then enlarged piotopodites each with a small immovable 
terminal ramus forming tho middle plate of a tripartite operculum, 
of which the lateral parts are the enlarged piotopodites of the 
Becond pair Tho lami of the latter pair are borne on the inner 
margin of the protopodite , tho exopodite of two segments is hook- 
shaped and servos to fasten the lateral to the middle plate of the 
operculum ; tho endopodite forms a geniculate copulatory organ of 
two, sometimes of three segments, with a cavity in its distal part , 
communicating with the exterior by a narrow canal 

In most Isopoda the ui opods differ widely 111 form and position 
from tho ploopods In the adult females of some Epicandea, 
however, the uropods do not differ, except in size, from the 
appendagos in front of them, and this is also the case in the 
Cymothoid genera Anui opus and Bianchuiopus , vvheie they resemble 
the pleopods m structure and position and appear to shaie their 
bianchial function Although the uropods are usually biramous, 
one 01 other of the rami may disappear in many Asellota, some 
Sphaeromidao, Valvifera, and Oniscoidea. The uropods are entirely 
wanting in the Sphaeiomid Vwcia and in some Epicandea The 
rami are never composed of more than one segment except in the 
Asellotan Acantliocope, where the umramous uropods present three 
or five segments, including the peduncle In the Valvifera 
the uropods are curiously modified in form and position (Fig 125 ) 
They are attached far forwards at the sides of the greatly enlarged 
telsonic segment, and are folded inwards so as to cover completely 
the bi an dual pleopods Each consists of a laige plate formed by 
the expanded protopodite with the small endopodite at its tip, 
while the exopodite 1 is vestigial or absent. In many Anthundae 
the exopodite is attached near the base and the endopodite at the 
tip of the elongated peduncle (leading to the erroneous statement 
that the endopodite has two segments), and the exopodite is 
usually folded backwards over the dorsal surface of the telson 

Alvtmntauj System — The stomodaeum forms, in the majority of 
Isopoda, a masticatory stomach, which is comparatively simple in 

1 What 1 h here called tlic exopodite id usually regauled as tlie endopodite, and 
vice ‘versa The interpretation given above depends on the assumption that the 
nropnds have reached tlieir present position by a movement oi rotation , not of simple 
translation. 



208 


THE CRUSTACEA 


ts - 


v d ■ 


Asellus and Chmdotea and moie complicated in the Oniscoidea 
The number of types m which its structuie has been studied is, 
however, too small to admit of profitable comparisons between 
them. In parasitic forms with suctorial mouth-pai ts the fore-gut 
is probably always more or less modified, but little is known of the 
details except in some Epicandea In the Entomscidae the shoit 
and narrow oesophagus leads into a spherical or bilobed chamber, 
the cephalogaster, lined with villi and rhythmically contractile 
This is followed by a second chamber, of which the lumen is 

reduced to a crescentic section by a 
strong lidge or typhlosole on the 
doisal side clothed with setae which 
constitute an effective stiamer A 
thud chamber with musculai walls, 
contracting alternately with the ceplia- 
logastei, is known as Itatlike’s organ 
In the Bopyndae the cephalogaster 
alone has been recognised 

Three pairs of hepatic caeca are 
present m Idoteidae and Cymothoidae 
(Fig 128, hep) , two pairs in Asellus, 
SeiohUj and the Oniscoidea (except 
Ltgia, which has three) , and only 
one pair in Gnat hut, Panmtlma , and 
the Epicandea, m winch group the 
oaeca may give off diveiticula It 

Acga psora, directed from tlin lias been stated that, apait from the 

dorsal hIiIg to show tlm alimentary anil rmann fVia rmH-cmt rvf tViA 

reproductive systems 1, *,tomodueal nepatlC Caeca, LQG mia gUD 01 U16 

rogion of tho aimientftry canal , 2 , thick- embryo eives rise to onlv a very 

walled, snutoilal jm-t , 3, tlifu walk'd _ ° J J 

resonoir, 4, intestine, hep, hepatic short region of the alimentary can al , 
/, vuh deferens bufc thja Las be0n disputed, and It 

seems not unlikely that considerable diffeienceB may exist in this 
lespect between the membeis of the order. In the blood-sucking 
Acga (Fig. 128) the stomodaeum (1) is very short, so that the 
point of attachment of the hepatic caeca is near the anterior end 
of the gut It is followed by a thick -walled part (2) which 
may possibly have a suctonal function At about the fourth 
thoracic somite this suddenly dilates into a thin -walled chambei 
(3) of relatively enoimous sizo, completely filling and distending 
the posterior thoracic somites when filled with blood. If this 
reservoir be really of proctodaeal origin it seems difficult to suppose 
that it does not exercise an absorptive function 

In some Epicandea (Entomscidae, Hemioniscus) the proctodaeal 
invagination fails to unite with the anterior part of the gut and 
either ends blindly or disappears altogether m the adult 

Cn dilatory System . — The most stnkmg features of the circulatory 
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system in the Isopoda are the great development and minute rami- 
fication of the arterial vessels in the more specialised types and the 
posterior situation of the heart, the latter feature being correlated 
with the localisation of respiration m the abdominal appendages 
The heart lies at the junction of thorax and abdomen, extending 
cor varying distances into each When elongated and tubular it 
nay he for the greater part of its length in the thorax ( Jaw a ) or 
dg produced backwards into the abdomen When shortened and 
laccular it lies mainly m the abdomen, only extending into the 
ast thoracic somite It communicates with the well-defined pen- 
ardium by one or two pairs of ostia 

Anteriorly the heart gives off the median aorta and seven pairs 
•f lateral thoracic arteries Of these the three postenor usually 
•riginate separately from the heait, the remaining four arising 
rom a common trunk on each side Rarely all seven pairs spring 
iterally from the aorta Anteriorly the aorta passes behind and 
elow the brain to form, except m certain degraded or parasitic 
Drms, an oesophageal ring encircling the gullet in front of or below 
he oesophageal nerve -ring Posteriorly this ring is connected 
nth a vential system of vessels which vary considerably m their 
rrangement In the more typical cases (Cymothoidae, Sphaero- 
ndae) a large median subnemal artery runs backwards from the 
esophageal ring alofig the sternal surface of thorax and abdomen, 
LVing off numerous lateral branches The lateral thoracic 
’teries mentioned above also contribute to the ventral system, 
ich one bifurcating as it reaches the lateral part of the 
)rresppnding somite, one branch passing into the limb and 
L6 other ramifying towards the middle line Between the 

timate ramifications of these two sets of vessels, those, namely, 
the subneural and of the ventro- lateral arteries respectively, 
lastomoses frequently occur, and in this way a communication 
established in each somite between the doisal and the ventral 
terjal systems But, in addition, in one or other of the thoracic 
mites it is found that the ventro-lateral artery on each side passes 
rectly into the subneural vessel, thus establishing a complete 
tonal circle In certain forms (. Idotea , Ligia ;) the subneural 
tery is for the most part absent, and the vential system is 
med almost entirely by the ramifications of the venti o-lateral 
bones Yestiges of the subneural artery, however, persist 
tonorly wheie a short trunk runs backwaids for a little way 
>m the oesophageal nn g, and posteriorly where an abdominal 
mk is formed by anastomosis of branches from the last pan of 
ntr o-lateral arteries, while in the thorax similar anastomoses give 
e to a succession of short vessels in the middle line as though the 
ineural vessel had become disintegrated into sections 
The posterior end of the heart always ends blindly and is never 

14 
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continued into a posterior median aorta In place of this, however, 
a pair of abdominal arteries (which may unite into one immediately 
after their origin), springing from the ventral surface ot the hourt 
(or, exceptionally, from the last pair of thoiacie ai tones), run 
backwards and send off numerous branches In certain forms with 
natatory pleopods ( Comlent ) where the muscles of the abdomen me 
greatly developed, these vasculai lamifi cations attain a lomarkable 
degree of complexity The minute subdivision of tho ultimate 
arterial branches is also well shown by the vessels supplying tho 
hepatic caeca 

From the lacunae of the haemocoel the blood is cavnod to tho 
branchial pleopods by sinuses which vary somewhat in their 
arrangement in the different types. A median ventral abdominal 
sinus is nearly always present from which afferent branchial vessels 
are given off Sometimes theie are also two gieat sinuses running 
along the lateral margins of the thorax. From tho pleopods tho 
blood is returned by efferent branchial vessels to the pericardium 
In addition to the arterial blood thus received, it appears that a 
small amount of venous blood may also enter the pencaidium by 
some small apeitures in its anterior pait communicating with tho 
general lacunar system of the body The existence of these apeitrn cs 
is important as a starting-point for comparison with the voiy 
different cn dilatory system of the Amphipoda. 

Excietonj System. — The antennal gland of the Isopoda, unlike 
that of the Amphipoda, appears to persist only m a vestigial 
condition. In Asellus and some Oniscoidea it has been lecogmsed 
as a small vesicle or a solid mass of cells without communication 
with the extenor A well-developed maxillary gland of the usual 
type has been found in Asellus , and m Ligidium and some other 
Oniscoidea In the Omscidae it is reduced in size, and appeal's in 
some cases to have no external opening. It has been suggested that 
in some of the terrestrial species it may have a salivary function 

It seems probable that in many Isopoda the excretory products 
are got rid of by being stored in the so-called “fat-bodies.” An 
excretory function has also been attributed to certain glands opening 
on the ventral surface of the posterior thoracic and abdominal 
somites. 

Neivous System The ventral nerve -chain presents various 
degrees of concentration and coalescence of the ganglia, not always 
in correspondence with the degree of fusion of the somites. In 
Clin idotea and Sphaeioma seventeen distinct ganglia are found, 
corresponding to all the post- oral appendages, and m Sphaei onut 
an additional ganglion is found in the telson which is not repre- 
sented in any other Eumalacostracan In most cases, however, the 
ganglia m front of the second thoiacie form a single mass, and not 
more than four ganglia are generally distinct m the abdomen 
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Sense-Organs — In Mnnna and some allied Asellota the eyes are 
set on prominent lateral lobes of the head, but there is no evidence 
that these represent the movable ocular peduncles of the primitive 
Malacostraca. The numbei of ommatidia m each eye varies from 
four m Asellus to about 3000 in Bathynomus The crystalline body 
is geneially bipartite, but in one of the ommatidia m each eye of 
Asellus it is tripartite The number of retinular cells and of 
rhabdomeies may be 4, 5, or 7 m different genera 

The only Isopoda in which statocysts have been observed are 
Anthuia qracilis, 1 and another species of Anthundae, where they 
have recently been described by Thienemann A pair of them are 
situated in the anterior part of the telson Each communicates 
with the exterior by a fine canal and contains a single statolith 
Muscles are attached to the wall of each statocyst In view of the 
sluggish movements and burrowing habits of the Anthundae, then 
possession of these organs is Bomewhat remarkable 

Repi oductive System — The ovaries vary in form, but are generally 
elongate and tubular and are not connected with each other m 
the middle line. In some Epicandea they give off segmentally 
arranged diverticula The oviducts are shoit and simple, occasion- 
ally {Asellus) dilating to form a. sperm receptacle A peculiarity 
which is quite unique among Crustacea is presented by certain 
Epicandea (Hemioniscidae, Linopsidae) which have two pairs of 
oviducts. As the oviducts, or at least their external apertures, are 
not developed until the segmentation of the body has disappeared 
m the adult females, it is not possible to determine whether both 
pairs belong to one somite 

A remarkable cycle of changes takes place in the female repro- 
ductive organs of the Omscoidea When sexual maturity is reached, 
but before the oostegites have developed, the generative apertures 
are present m the usual position, but instead of communicating 
with the oviducts, each leads into a blind invagination of the integu- 
ment, which functions as a receptaculum seminis After this has 
been filled with sperm in copulation, it acquires a communication 
with the oviduct and the sperms pass up mto the ovary At the 
next ecdysis the receptacula disappear and the oviducts no longer 
communicate with the exterior The fertilised eggs are stated to 
pass into the body-cavity and from thence to the marsupium by 
way of a slit-hke unpaired aperture between the last two thoracic 
somites This statement, howevei, can hardly be accepted without 
further confirmation, as the existence of a free opening from the 
body-cavity (haemocoel) to the extenor would be quite unparalleled 
among Arthropodo. A second lot of eggs are fertilised by sperms 
remaining in the oviducts and pass into the marsupium after the 
first brood have left it After liberation of the second brood, 

1 According to Gurney, the speoies is really Cyathura cannata (Kioyer) 
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ecdysis takes place, the oostegites are cast off and recoptacula ;uo 
again developed, the animal reverting to the condition in winch 
it; was before impregnation 

The arrangement of the oostegites winch form the maisupial 
chamber in all normal Isopoda has already been described In 
certain cases, however, brood-pouches are formed m other ways 
In the section Cryptomscina among the Epicandea a series can bo 
traced m which the oostegites diminish in size and finally disappear, 
their place being taken by lateral folds of the body The term of 
the senes is given by Hemiomscus , in which the brood-cavity is 
from the first completely closed, arising by delamination in a 
thickening of the ventral ectoderm 

A remarkably vaned series of adaptations for carrying the 
eggs and young have recently been made known in the family 
Sphaeromidae. In some members of this family the marsupium is 
formed by the oostegites in the usual mannei, but in others special 
brood-pouches are formed by invaginations of the ventral integument, 
and m some cases here also oostegites are quite wanting 

In addition to their protective function in sheltering the eggs 
and young, it has been suggested that the oostegites may in some 
cases supply nourishment to the developing embryos In certain 
Omscoidea papilliform projections from the sternal surface of the 
thoracic somites have also been credited with this function, 

The testes, in the majority of Isopoda, consist each of three 
follicles (Fig. 128, is) opemng into a common vas deferens (v cl). 
Only in a few cases is the number of follicles reduced to one on 
each side The external openings are generally set on papilliform 
or tubular processes (penes) (Fig. 125, p\ which may be fused into 
one (Omscoidea, except Ligndae, Arctundae) In the Epicandea 
the penes are commonly absent and the aperture may be paired or 
single, but m Pi rnpion a bifurcated penis of great size is present. 

The position of the penes sometimes departs a little from the 
general rule among Malacostraca in so far as they may spring, not 
from the last thoracic sternum, but from the articular membiane 
between it and the first abdominal somite, and may even bo 
attached to the sternum of the latter. It is very improbable, 
however, that the vasa deferentia ever perforate the copulatory 
appendages of the second pleopods as they have been stated to do 
in the Tylidae (Omscoidea) 

The occurrence of protandrous hermaphroditism has been 
demonstrated in certain genera of the sub-family Cymothoinae 
among the Cymothoidae, and of the tribe Cryptoniscina among 
the Epicandea It is not known to occur m the other sub-families 
of the Cymothcudae, and though its limits within the group 
Epicandea are not exactly known, it is certain that many of the 
families, probably the whole of the tribe Bopynna, are definitely 
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of separate sexes In certain Cymothoinae tho oxtorn.il chamotors 
of the male sex do not completely disappcai when tho individual 
passes into the female phase, the copulntory ajipondago of tliu 
second pleopods sometimes lemaimng of conspicuous size oven in 
specimens which have the marsupium filled with eggs (Fig. 127). 
As in many other Ciustacea, traces of hermaphroditism probably 
exist normally in tho young of many Isopoda. In Sph(ieroma r 
vestiges corresponding to the three testicular follicles aio found at 
the anterior end of the ovary in young specimens, and wlmt may 
be a vestige of the oviduct is found in tho male 

Mention may be made heie of the supposed occurrence of 
“hypodermic impi agnation ” m the Asellotnn Jaant,. It is stated 
that a spermatophore is inserted by the male betwoon tho thoracic 
terga of the female, and that it penetiatos tho articular membrane 
and passes into the body-cavity, discharging its contents into tho 
oviduct, while the empty capsule is expjelled by the oviducal 
aperture The account of this oxtraordmary procoss cannot, 
however, be accepted without further investigation 


Development 

The eggs are usually largo, with superficial segmentation In 
Hemwmscus, however, which, from the peculiar formation of the 
marsupium, is practically viviparous, the eggs aro minute, without 
yolk, and undergo complete and equal segmentation, giving rise to 
a hollow blastosphere It is characteristic of tho Isopoda, as con- 
trasted with the Amphipoda, that the developing embryo is curved 
towards the dorsal side. A ft dorsal organ ” is present in many 
Isopod embryos, and assumes vory diverse forms. In Cymothoidao 
it arises as a thickened plate of cells which becomes liivagmated, 
forming a small cavity opening to the extenor by a narrow nock 
In Oniscus , on the other hand, the thickening is stated to become 
constricted off from the dorsal surface and to form a saddle-shaped 
plate partly enveloping the embryo and connected with it only by 
a narrow stalk, but the accuracy of tins account has boon domed. 
In Asellns a pair of tnlobed hollow processes grow out frum tho 
sides of the thoracic region These have boon regarded as ropio- 
senting the dorsal organ, hut Claus has compared them with tho 
lateral wings of the carapace in tho larva of Apwudffi A distinct 
carapace-fold has been described in the embryo of Jtwvti, oxtondmg, 
at first, over the region of the second thoracic somite, but afterwards 
becoming reduced Transitory rudiments of exoporlitos are stated 
to be present on the thoracic limbs in early embryos of Tjujigl. 

In all Isopoda the young leave tho biood-pouch with tho last 
pair of thoracic limbs undeveloped (as m Tauaidacea and Cumacoa), 
hut otherwise in most free-living species tho young aro vory similar 
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to the adults In many parasites, however, a certain amount of 
metamorphosis occurs In the Cymothoinae, for instance, the 
young aie fiee-swimmmg, but the adults lose the natatory setae of 
the pleopods and undergo considerable changes of shape m becoming 
permanently attached to the host. In this case the life-history is 
complicated by the fact that each individual passes through stages 
m winch it presents the chaiacters, first of the male, and afterwards 
of the female sex The remarkable changes in the structure of the 
mouth -parts, which are accompanied by considerable changes of 
general shape, in the Gnathndae have already been described. 

It is m the Epicandea, however, that the changes during 
development are most profound In spite of the gieat diversity of 
structure among the adults, the natural character of this group is 
rendered evident by the uniformity of the larval stages throughout 
all the families. In the first or epicand stage (“stade ^picandien,” 
Bonnier) (Fig 129, B) the body is short and broad and strongly 
convex dorsally, with seven thoracic and six abdominal somites 
distinct, the antennules are very short, the antennae longer and 
used in swimming, and both are sparingly provided with sensory 
filaments , six pairs of thoracic legs are present, all, except some- 
times the posterior pairs, strongly subchelate , the pleopods are um- 
or biramous, with natatory setae , the uropods are usually biramous 
and stylifomi, the telsonic segment is generally produced into an 
“ anal tube ” , eyes are usually present but imperfectly developed 
In the last larval or cryptoniscan stage (“stade cryptomscien,” 
Giard and Bonnier) the body is elongated , the antennules are often 
biramous, with numerous sensory filaments , seven pairs of thoracic 
legs are present, with coxal plates, and at least the anterior pairs aie 
subchelate , there is no anal tube, the eyes are well developed, some- 
times very large According to Sars, whose views have recently 
received support from some experiments by Caullery, a third larval 
stage intervenes, in some if not in all cases, between the two just 
described In this stage, formerly described as a distinct genus 
under the name Mm omscus, F Muller, the larva is temporarily 
parasitic on pelagic Copepoda (Gymnoplea) A certain amount of 
retrogressive metamorphosis takes place, the appendages are imper- 
fectly segmented, the muscles appear to degenerate, and the pleopods 
lose their natatory setae. Later, the larva assumes the cryptoniscan 
form and leaves the Copepod to seek a second hoBt. In those 
families of the Epicandea grouped together in the tnbe Crypto- 
mscina, the male becomes sexually mature in the cryptoniscan stage, 
while the adult female, which, in some if not m all cases, is the 
same individual m a later stage of development, becomes variously 
degenerate and may lose all appendages and even all tiaces of 
segmentation In the tribe Bopynna, where the occurrence of 
hermaphroditism is doubtful, both sexes pass beyond the crypto- 
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niscan stage before sexual maturity is reached The male (Fig 
1 29, A) develops to the bopyroid stage (“stade bopyrien,” Bonnier), 
characterised by the reduction m size of most of the appendages , 
antennules and antennae lose their sensory filaments and become 
almost vestigial, the thoracic legs aie shorter and -without coxal 
plates, the pleopods are gieatly reduced, -without natatory setae, 
and the eyes aie lost or persist only as pigment-spots The young 




Fin 120 

A, male of L ancrlon Miser (Entonlfloldnn) B. larva of Forfimfoii via. atari l# (Entonlnclilae) In 
flplcnrid stage a 1( anUmnulo, « 2l antonna, ah, abdomen, n», ejo, h, testis, he, heart , l, 
liopatlc caeca , jifi-jiZn, H,x I«irn ofl abdominal appendages , r, oral conn , second to 
seventh pairs of thoracic appendages (the eighth pair are uudni eloped nt tide stage) , th, thorax 
(Aftor Giard and Bonnier, from Korsclieltand Heldnr's Embryolauu ) 

post-larval female is generally similar to the male, so that we may 
speak of a bopyroid stage m both sexes, but the adult female is 
usually much modified, often asymmetrical and distorted by the 
great development of ovaries and brood-pouch (Fig 130) The 
male is often found attached, like a parasite, to the body of the 
much larger female (Fig. 124, B) 
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Remarks on Habits, etc 

The great majority of Isopoda are marine, but the large group 
of Omscoidea are terrestrial m their habits, and many of them 
have developed special organs for aerial respnation, as already 
described The Asellidae and Phieatoicidea inhabit fresh water 
A very remarkable assemblage of forms have recently been 
described from subterranean waters m many parts of the world 
These include not only freshwater types like Asellidae and 
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Phreatoicidea, but also members of the Cirolaninae, Anthundae, 
and Sphaeromidae, which are otherwise characteristically or ex- 
clusively marine m habitat. The number of parasitic forms is 
very large, including many of the Cymothoidae and the whole of 
the Epicandea, the former infesting chiefly fishes and the latter 
exclusively Crustacea (Ostracoda, Cirnpedia, Mysidacea, Isopoda, 
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including members of the same sub-order, Amphipoda, Euphausiacea, 
Decapoda) In both groups the parasitic habit is associated with 
the occurrence of hermaphroditism. The Cymothoidae present a 
senes leading from the predatory, actively swimming Cirolamnae, 
with mouth-parts adapted for biting, to the sedentary Cymothomae, 
with suctorial mouth-parts. Some of the Epical idea (Entoniscidae) 
become practically ondoparasitic, penetrating into the body of the 
host, although remaining enveloped by an invagination of the 



Pm 181 

Enthyiwmua glganteva , doiaal \Inw, about thren-He'v ontlis of natural Hize 
(Aftai Milue Edwards and iiouvjer ) 

integument. The mode of absorbing nutriment by root -like 
processes penetrating the body of the host, which is found in 
the Rhizocephala and some Copepoda, appears to be adopted by 
some of the Liriopsidae 

Some of tho smallest Isopoda are found among the Asellota, 
certain species of which do not exceed mm in length when 
adult A length of three inches is exceptional m the Order, and 
Pathyncmius giganteiis (Fig 131), whioh reaches nearly eleven inches 
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in. length, by five in breadth (270 x 118 mm ), is by far the largest 
known Isopod 

Palaeontology 

Fossil remains which may be definitely referred to the Isopoda 
are comparatively rare, and the little that is known of their 
morphology leaves their systematic position in most cases doubtful 
and throws no light on the phylogenetic history of the group. No 
palaeozoic forms can be referred, with any certainty, to this Order, 1 
but several genera are known from Secondary rocks. The genus 
Uida t Munster, from the Jurassic of Solenhofen, if it be an Isopod, 
presents very peculiar characters, having large mandibles projecting 
in front of the head as m the male Gnathia , which it seems to 
approach also m the number and relative sizes of the body-somites, 
although differing m the large size of the eyes. Cyclosphaeroma, 
(Jurassic) and Palaega (Chalk) strongly resemble in general shape 
the recent Sphaeromidae and Aoginae respectively Several genera 
of Sphaeromidae and Oniscoidea are described from Tertiary deposits. 
A deformation of the carapace of the Brachyuran Palaeocorystes from 
the Greensand has been supposed to indicate the presence of an 
Epicandean parasite 

Affinities and Classification 

The close affinity of the Isopoda with the Tanaidacea, and 
through them with the more primitive members of the Peracandan 
division, is clear , they represent the termination of one of the 
lines of divergence from the candoid type The most primitive 
characters, on the whole, have been retained by the Asellota, which 
have small and complete coxopodites on the thoracic legs, six 
distinct segments in the peduncle of the antennule, and sometimes 
a vestigial exopodite on the same appendage The Cirolanmae, 
however, have retained, in Bathynomus , a vestige of the inner 
flagellum on the antennule, and have, m some cases, six segments in 
the antennal peduncle, while in the more completely segmented 
abdomen, and probably m the structure of the pleopods, they may 
claim to be more primitive than the Asellota 

The structure of the Isopoda is so diversified, and the number of 
forms included in the Older is so large, that their classification is a 
matter of some difficulty. The system now most generally adopted 
is that of Prof G 0 Sara, which is given below with some slight 
modifications. The tnbes (here regarded as sub-orders) into which 
he divides the Order are for the most part natural groups, but they 
are of very unequal value. Hansen has pointed out that the 

1 The Devonian Oxyuropoda , recently described from Ireland by Carpenter and 
Swain, is, however, regarded, with considerable probability, as an Isopod 
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Asellota stand somewhat apart from tlio lost, especially aw rogm'da 
the structure of the pleopods On the other hand, tlio Epicnndou 
are closely related to some of the Flabellifero, the systematic value 
of the modifications due to parasitism having been hero .is elsewhere 
somewhat ovei estimated. The Gnathndno, again, are an aboinint 
family whose relation to the moie normal Fl.ibollifera ih not clear, 
and the same may perhaps be said of the Authundao 

Order Isopoda, Latroille (1817) 

Sub- Order 1 Asellota, Latroille (1800) 

All the abdominal somites coalesced (except in StonancllitJi ) ; antennal 
peduncle of six segments , mouth-parts never suctorial, coxopoditea of 
thoracic legs small, the last six pairs freely movable , first pair of pleupods 
differing in the two sexes, second pair absent in female ; uropods sub- 
termmal, often biramous, styliform 

Family Asellidae Asellus, GeofFroy, Stena*cllun, Dollfua Family 
Stengtriidae fitenetnum, Hoswell Family Pauakedlidae Juvna, 
Leach, Jctcra, Leach, Muyina, Boeck , Dcsmamna, G. O Sure, Natntti- 
niscus, G O Sara, Munnopm, M. Sara, Ewnjcope, G 0. Sars ; Acavtho- 
cope, Beddard 

Sub-Order 2 Phreatoicidea, Stebbmg (1893) 

Abdominal somites all free , antennal peduncle of five segments , 
mouth-parts normal, coxopoditea of thoracic legs small, the last six pairH 
movable ; first pair of pleopods similar in the two sexes, second pair 
present in female , uropods sub-terminal, biramous, styliform , body more 
or less laterally compressed, amphipod-like 

Family Phreatoicidah PhreatoicuR, Chilton (Fig 119); VhimUn - 
copses, Spencer and Hall, Phi eatoicoulcs, Sayce 

Sub-Order 3 Flabellifera, G O Sara (1882) 

Abdominal somites free or more or less coalesced ; antennal peduncle 
rarely with six segments, mouth-parts often suctorial; coxopoditea of 
thoracic legs more or less expanded into coxal plates, partially or com- 
pletely fused with body , first pair of pleopods similar in tlio two sexes, 
second pair present 111 female , uropods lateral, generally biranioua, 
lamellar, forming a caudal fan. 

Family Gnathiidae Gnathia, Leach (Fig 121) (^Ancrnw, Uihbo) 

( c? ), and Pramm , Latreille ( ? and yg ) Family Anthuuidae Anthvra, 
Leach; Gyathum, Norman and Stebbmg; Pamnthuut, Bate and West- 
wood, Gruiegens , Chilton Family Cymothoidae. (Thu following 
sub-families are often ranked as families) Sub-Family Ciuodaninahi 
(Eurydioinae) Civolam, Leach, Euryfaco, Leach, Uamltra, Leach, 
Bathynomus, A Mil ne-Ed wards (Fig 131) Sub-Family Anukui’odinaii). 
Anui opus , Beddard , Bmnchuropua , Moore Sub-Family Exgouallaninaic. 
Excorcdlana , Stebbmg Sub-Family Corallaninae. Coixtllana , Dana; 
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Alcwona, Hansen , Tachaea , Sclnodte and Meinert Sub-Family Arga- 
thoninae Argathona , Stebbing Sub-Family Barybrotinae Bamjbrotes, 
Sclnodte and Meineit Sub - Family Aeginae Aega, Leach ; Roainela , 
Leacli Sub -Family Cyhothoinae. Cymothoa, Fabricius, Ceiatothoa , 
Dana , Meinei tia, Stebbing , Nerocila, Leach Family Serolidae 
Serolis , Leach Family Sphaeromidae. Sub-Family Limnoriinae. 
Limnona , , Leach Sub-Family Sphaerominae Sphaeroma, Latreille , 
Cijmodoce , Leach , Dynamene , Leach , Campecopca , Leach , Monolistra , 
Gerstaecker , Dollfus , Cassidina, H Milne-Ed wards , 

H Milne -Edwards Sub- Family Plakarthriinae Plaharthnum , 

Chilton. 

Sub-Order 4. Valvxfera, G 0 Sara (1882) 

Abdominal somites more or less coalesced , antennal peduncle of five 
segments , mouth-parts normal , coxopodites of thoracic legs expanded 
into coxal plates, rarely quite concealed beneath pleural plates , first pair 
of pleopods similar in the two sexes (except in Pseudzdothea ), second pair 
present m female , uropods lateral, opercular, folded inwards over pleo- 
pods, exopodite vestigial or absent 

Family Idoteidah Idotm , Fabricms , Cluridotea , Harger , Olyptonotus , 
Eights Family Chaetiliidae Chaetilm , Dana Family Psbudido- 
theidae. Picudidothea , Ohlm Family Holognathidae Holognathus , 
G M Thomson Family Amesopodidae Amesopous, Stebbing Family 
Arcturidae (Astaoillidae) Arctui us, Latreille , Aatacilla , Cordmer , 
Anaicturus , zur Strassen 

Sub-Order 6 Omscoidea, G 0. Sara (1882) 

Abdominal somites rarely coalesced , antermules mmute , antennal 
peduncle of five segments , moutli-parts not suctorial, mandibles without 
palp, maxillae reduced , coxopodites of thoracic legs expanded into coxal 
plates, usually completely coalesced with body, rarely defined by sutures , 
first pair of pleopods usually differing m the two sexes, sometimes absent, 
second pair present in female , uropods sub-terminal, generally biramous ami 
Btyliform , terrestrial m habits, often with pseudo -tracheae in pleopods. 

Family Ligiidae. Liyia, Fabncius , Ligidiunn , Brandt Family 
Trichonibcidae Tiichoniscua, Brandt; Haplophthahnus, Schiodte Family 
Tylidab. Tylos, Audouin , Hellena, von Ebner Family Oniboidae 
S ub-Family Scyphaoinae Scyphax, Dana. Sub -Family Onxsoinae 
Oniscus, Linnaeus , Porcelho, Latreille (Fig 118) Sub-Family Armadil- 
lidinae. Armadillidiuiii, Brandt, Cubans, Brandt ( = Armadillo, 
Latreille) 

Sub-Order 6. Epicaridea, Latreille (1831) 

ParaBitic forms m which the adult females are greatly modified, often 
asymmetrical, sometimes without appendages and without segmentation of 
the body , mouth-parts suctorial, with simple piercing mandibles, rnax- 
lllulae and maxillae vestigial or absent , pleopods, when present, without 
sexual modification , uropods uniramous, very small, often absent , late 
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larval (eryptomscan) stage with abdominal somites distinct, with eox/il phii eH 
on thoracic somites, with uni- or biiamous pleopods, and with teiinninl, 
biranious, stylifonu uropods , pnraBitic on Crustacea. 


Tribe 1 Cryptonthcjina. 

Mole becomes mature m eryptomscan stage, pnutiiiidroufl hornmphi'o- 
ditism probably universal , brood-pouch not formed by oostegiLcH ; lust 
larval Btage with biramous pleopods 

Family Hemionisoidae Jfemwniscu s, Buohholz (on Cirnpedia), 
Family Cypronisoidab Cyproni&ci w?, Kossmnnn (on Ostmcodn) Family 
Liriopbidae Lmopm, Schultze , Danahu, Qiard (oil lihizocephahi) 
Family Asoonisoidae Ascomscua, G 0 Sara (on Mysidacea) Family 
ORENroNiscrDAE. Gnnmmcus^ Pdrez (on Cunpedui) Family Pooabcjoni j>ae 
Podoscon , Giard and Bonnier (on Amphipoda) Family Cabluophioaic 
Gabirops , Kossmann , Olypeomacus, Giard and Bonnier (on Isoptidn) 


Tribe 2. Bopyrlna 

Male becomes mature in bopyroid stage , sexes probably always distinct , 
brood -pouch formed by oostegites , first larval stage with uiurun louh 
pleopods 

Family Dajidae Dogas , Kroyer , NotophyMM, G 0 Sara (on 

Mysidacea and Euphausiacea) Family Bopyridae (including Phrwidaic 
of Bonnier). Bopynts , Latreille , Gfyge , Gornalia and Pancen (Fig. 124) , 
Phryxus, Rathke (on Decapoda) Family Entonisoidae Enionuu 
F Muller; Portumon , Giard and Bonnier (Fig 130); Pnagnon, Gi iml 
and Bonnier ; Oancnon , Giard and Bonnier (on Brachyum) 
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THE AMPHIPODA 

Order Amphipoda, Latreille (1816) 

Sub-Order 1 Q-ammandea 

„ 2 Hypemdea 

„ 3 Caprellidea 

„ 4 Ingolflellidea. 

Definition — Peracanda in which there is no distinct carapace, 
)ut the first thoracic somite (more rarely also the second) is 
■oalesced with the head , the telson is usually distinct from the 
ast somite , eyes sessile , antennules often biramous , antennae 
vithout exopodite, the peduncle typically of five segments , 
horacic limbs without exopod ites , first pair modified as maxil- 
lpeds, coalesced at the base, without epipodite , remaimng pairs 
r ariously modified, the second and third commonly prehensile, 
oxopodites always shoit, usually expanded as coxal plates, 
novably connected with the body , branchial appendages on inner 
ide of coxopodites of some of the thoracic limbs , pleopods, when 
ully developed, divided into two sets, the first three pairs with 
aultiarticulate rami, the last two pairs generally similar to the 
Lropods, with unsegmented rami, no sexual modification of pleo- 
>ods, the young leave the brood-pouch provided with all the 
ppendages of the adult 

Historical — In establishing the order Amphipoda (1816) 
jatreille excluded from it the genus Cyamus , which he referred to 
he Isopoda Later, he established a separate order, Laemodipoda, 
ir Capella and Cyamus , placing it between the Amphipoda and 
3opoda This arrangement was adopted by H Milne-Edwards, 
’ho further divided the Amphipoda into two families, Gammarina 
nd Hypenna Kroyer, in 1843, showed very clearly that the 
iaemodipoda present only an extreme modification of the Amphi- 
od type Dana, in 1852, subdivided the Order into three groups 
-Caprellidea, Gammandea, and Hypemdea, a classification which 
as held its own to the present time. There appear to be no 
ifficient grounds for establishing the additional divisions of 
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Synopidea, Bovalhus, and Subhypenm, Della Valle, and still less 
*eason for the inclusion of the Tanaidacea, advocated by Gerstaeckei 
)n the other hand, the very remarkable genus Ingolfiella , Hansen, 
nay conveniently, for the present, be kept apart in the sub-01 der 
ngolfiellma which Hansen has established for it, Among the more 
mportant contributions to our knowledge of the group mentioned m 
he list of literature at the end of this chapter, attention may be 
ailed to Spence Bate’s Bntish Museum Catalogue, Spence Bate and 
Vestwood’s Monograph of the Bntish species, and to the works of 
ioeck, Bovalhus, Claus, and Delage As with so many other 
Loups of Crustacea, the memoirs by G 0 Sais aie numeious and 



tiarnmnrui locnsUi, *5 , fi-om tlio side x 4 antcnnulo , ft", antenna , act., acceRNory (Inner) 
,'nlluiii of nntunnule , hr , biauchia, t r, co\nl plata, qn, gnnthopodH , pieonod of 

rd pair, jmjj', prp", Jlrsb aiul Recond perapopodN (fourth and llltli thoracic appendages) , 
tolBon , ttr, nropod (nl\tli alalomlnal apnendn^n), II, Mil, second and eighth thoracic 
nitufl , 1, 13, first and slvth abdominal somites (After G O barn ) 

the first importance Della Valle’s Monograph is valuable for 
atomical and biological details, but the systematic part of the 
irk is to be used with caution The bibliographical history of 
e Order has been given at length m the admirable Introduction 
Stebbmg’a Keport on the “ Challenger ” collection, and the same 
thor has recently completed a masterly revision of the Gam- 
n idea for the Tien eick P. Mayer’s Monograph and his latei 
imoirs on the Caprellidea will not soon be superseded as the chief 
arces of information on that sub-order. 


Morphology 

The body of a typical Amphipod, such as Gammaius (Pig. 132 ), 
laterally compressed, with the abdomen of considerable size and 

is 
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flexed ventrally between the third and fourth somites The laige 
coxal plates (c.r) on the thoracic somites projecting downwards 
increase the depth of the body and add to the appearance of lateial 
compression Even within the sub-order Garumaridea, however, 
this typical form is sometimes departed fiorn by attenuation of the 
body or by its dorso- ventral flattening, which, in Peieioiiotus and 
some other genera, is earned so far as to give the geneial appear- 
ance of an Isopod In the sub-orders Hypemdea and Caprellidea 
the range of modification is much greater The Hypemdea, while 
departing the less widely, on the whole, fiom the typical form, 
include such extreme types as the balloon-like Mini muscles and the 
almost linear Rhabdosoma (Fig 133) The Caprellidea differ from 
both the othei sub-orders in the vestigial condition of the abdomen 



and the coalescence of the second thoracic somite with the head , 
they compnse two families of widely different facies, the filiform 
Caprellidae (Fig 134) and the flattened, Isopod-like whale-lice, 
Cyamidae (Fig 135) 

The eyes, when present, are sessile on the sides of the head 
Sometimes they coalesce in the median line, and m some Oedi- 
cerotidae the fused eyes are borne on a projecting frontal lobe 
In Ingoljiella , distinct eye-lobes are present (although the eyes 
are apparently deficient), defined by suture-lines from the antero- 
lateral margins of the head -region It is possible that these 
lobes may represent the eye-lobes of Tanaidacea and the ocular 
peduncles of moie pnmitive Malacostraca, though the great 
specialisation of Ingoljiella in other lespects is rather agamst this 
view 

Appendages . — The cintennules (Fig 132, ctj consist typically of 
a peduncle of three segments carrying two flagella The outer 
flagellum is usually long and multiarticulate, while the inner (acc) 



A. IV. V 



A rhtislca marina , 9, x r > B, Capixlla linearis, 9, x7 (Cnprollidea) a', antennule, 
antenna, abil^ vestigial abdomon, with nnmll appendages lu A, b>, hmnehlae , gn 
luthopods (second and third thoracic appendages), in, brood-pouch , prj /, prp", llrst and 
icond peiaaopods (fourth and llftli thoracic appendages), wanting in B, IV, V, fourth and 
th thoracic somites (After G O Sara ) 



Fig 13G 

Paraemvuut bnapte A, male, dorsal view, x 4 B, miL\illlpnds a', antennule , a ", antenna , 
d, vestigial abdomen , br, branchiae , gn, gnnthopods (second and third thoracic appendages) , 
, V, fourth and ilftli thoracic somites (After G 0 Hnrs ) 
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ia frequently absent, and, when present, is geneially inconspicuous 
and composed of few segments 

The antennae (Fig 132, «") when fully developed have a 
peduncle of five segments and a more or less elongated flagellum. 
A scale or exopodite is never developed A conspicuous conical 
or spimform tubeicle on the second joint of the peduncle bears tho 
aperture of the antennal gland, indicating that the five segments at 



Fio 19u 


Phronima sethntaria a, female , b, male A’ t antrnnuln , A", nnlonna , 7 ), intcstlnR , , 

glnnd In chela ot sixth thoracic appendage, genital apeiturei ol male, II, lionrt, A' 
bronchia , Kf t mandible , N, ventral nerve chain , 0, eye , Or, ovary (Fiom Claus's \Ttx0iOof > 

the peduncle must be derived from the six-segmented condition by 
a coalescence of two segments distal to the gland-opening, probably 
the third and fourth In many cases the antennules and antennae 
are more strongly developed in the male than in the female sex, 
and bear more numerous sensory setae In some Hyperndea 
(Fig 136) the antenna, though well developed in the male, is 
represented in the female only by a rounded tubercle containing 
the antennal gland on the front of the head In some cases the 
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ntennae have almost a pediform character, the segments of the 
eduncle being long and stout and the flagellum reduced, as in 
tie Amphithoidae and allied families and conspicuously in the 
brophndae 

The mandibles have usually the typical Peracandan structure 
nth molar process, serrated incisor process, lacinia mobilis on the 
3 ft mandible or on both, a row of spines, and a palp of three 
agments, but any of these parts may be modified or absent The 
alp, in particular, may be present or absent in genera otherwise 
ery closely related 

The ma.nUulat‘ (Fig 137, A) are lemarkable m that they 
Dmmonly exceed the maxillae in size and complexity of structure 
'wo enditos are piesent, springing, according to Hansen’s inter- 
relation, from the first and third segments, and the fourth and 



A, TimMllulft, 13, mnxlllu, C, iim\fllippdH, of Socamrn hltlcnt tuilatua (Gfimmariilpa) TIiq 
H tiil flptfmantfl or tlio tort maxi II [part am omitted 1-7, NQjfiiiwitH or tlin apjieiidn^fl , 21-Z3, 
dltofl ol tlio ioapoctl\e HObnmmtrt (After 11/idhoii ) 

fth segments form a “ palp ” which is turned forwards and inwards, 
isembling m appearance, and no doubt also in function, a third 
idite. The manllae (Fig 137, B) are small m size and simple 
l form, consisting mainly of two plates which, according to Hansen, 
’e the ondites of the second and third segments. The lowei 
v may attain to greater complexity than in most other divisions 
the Malacostraca and its modifications are of some systematic 
aportance The two main lobes (paiagnatha) of which it else- 
here consists are in many cases supplemented by a pair of 
icessory lobes lying between them, while the main lobes them- 
ilves may be produced at the outer corners or each divided by 
LCision into two as in the Amphithoidae 

The first thoracic appendages or maxiUipeds (Fig 137, C) are 
ways coalesced at the base, the coxopodites fusing to form an 
npaired plate The basipodite is produced into an endite, usually 
jferred to as the “ inner plate ” (l 2 \ which may be armed with 
ie th, spines, or setae, but does not carry coupbng- books. The 
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Reduced mn.\illl 
neds ot Hmctut gaUnt 
'**“ ~ 0 Sars ) 


(After G 


ischiopodite also beais an endite (the “outer plate,” Z 3 ), and the 
remaining four segments form the “palp” Tho palp is not 
unfrequently abbreviated by the suppression of one or two of its 
segments, and the coalescence of the proximal 
region may involve the basipodites partially or 
completely Both these modifications are carried 
to an extreme in the Hyperndea (Fig 138), 
where the maxillipeds are lepresented by an 
unpaired plate canying a pair of movable, un- 
jomted appendages, lepresenting in all piobability 
the ischiopodites with their ondites, and a median 
process corresponding to the coalesced inner 
plates In the Cyamidae the maxillipeds are sometimes of 
normal structure, but they may bo greatly reduced (Fig 135, B), 
and m Platycyamus they are represented only by an unpaired 
plate without any trace of articulations In Cyamvs nodosus the 
interesting observation has been made that the young animals 
taken fipm the brood-pouch have well-developed maxillipeds with 
the full number of segments, although in the adults of this species 
they aie reduced to a pair of unjointed appendages attached to the 
common basal plate 

Of the remaining seven pairs of thoracic appendages, the first 
two are commonly, though not invariably, modified for prehension, 
and are distinguished as gnathopods (Figs 132, 134, 135, gu) fiom 
the remaining five pairs, the po acopods, which aie generally oigan/3 
of locomotion Each hmb consists of the usual seven segments 
The coxopodite is always short, but is usually expanded externally 
to form a coxal phte (Fig 132, cx), sometimes of great size, 
internally it bears the branchial plate (hr) and oostegite when 
these are present. In the Caprellidea and Ingolfiellidea the 
coxopodite remains small In some Hyperndea it is entirely 
coalesced with the somite The basipodite is usually more or less 
elongated, the ischiopodite, on the other hand, generally short, 
contrary to the rule among the Isopod a The terminal claw is 
usually coalesced with the dactylopodito. 

The lateral compression of the body in most Amphipoda has 
lead to a sepai ation of the thoracic legs into an anterior group of 
four (the two gnathopods and the first two paraeopods) and a 
posterior of three, which are opposed to each othei in the direction 
of the principal articulations In the case of the an tenor group 
the limb is bent forwards at the articulation between the ischio- 
podite and meropodite, and backwaids at that between meropodite 
and carpopodite, and the dactvlopodite points backwards , in the 
posterior group these directions are reversed and the dactylopodito 
points forwards except in the case of certain G-ammaridea, where 
the direction of the dactylopodite (but not of the other segments) 
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is revei sed 1 The distinctness of these two groups is further 
expressed by the relations of the coxal plates Where these are 
small or of moderate size they are of similar foim throughout the 
senes, but when, as in many Gammandea (Fig 132), enlargement 
takes place, it is mainly the first four that become expanded so 
as to cover fiom the outside the basipodites, or even the whole 
limb, the last three coxal plates in this case generally remain 
small and their place in protecting the gills within is taken by 
the expanded basipodites The two pairs of legs following the 
gnathopods (the fourth and fifth of the thoracic senes) are, among 
the Gammandea (Fig 132, pp"), not unfroquently more or 

less diffeient fiom the succeeding pans In the Caprellidea, these 
two pairs are vestigial or absent except in the genus Phtmca [Proto) 
(Fig. 134, A) and its immediate allies 

In the gnathopods of the Gammandea every gradation may be 
traced from the simple, non -prehensile leg to the well-formed, 
sub-chelate, or perfectly chelate type, and even to more complex 
forms, as m Leucothoe and A 01 a The gnathopods of Inqoljiella 
have a very unusual structure, the propodite and dactylopodite 
together forming the movable finger which is opposed to the 
expanded carpopodite Some of the peraeopods may show modifi- 
cation for prehensile purposes in Gammandea, and m Polychma 
all of them are sub -chelate In the Hyperlid ea much greater 
variety occuis, and any of the peraeopods except the last pair may 
be transformed into a chela, sometimes of large size (Fig 136) 
The gnathopods, in this group, are always small. In the Caprellidae 
(Fig 134) the gnathopods are sub-chelate and the last three pairs 
of peraeopods are also fitted for grasping A point of interest 
with regard to these peraeopods is the existence in the basipodite 
of a definite “ fracture-plane ” at which the limb breaks off in 
autotomy A similar fracture-plane is found in the legs of many 
Decapoda, where the habit of autotomy is highly developed. 

The foanchtac (Figs 132, 134, 135, h 3 Fig 136, K) are 
attached to the inner surfaces of the coxopodites, near the 
posterior border They are generally vesicular or lamellar in 
form, and in some Gammandea the respiratory surface is in- 
creased by numerous transverse ridges or folds. In some species 
of Cyamidae ( Cyamus physdevis) tho branchiae are ramified. 
Accessory branchiae occur in certain Gammandae and Tahtndae 
on some of the thoracic limbs and also on the first abdominal 
somite The greatest number of branchiae is six pairs, occumng 
on the last six thoracic limbs in many Gammandea The number 

1 The correlation hetweeu the lateral compression of the body and tins grouping 
of tho legs is well illustrated by comparison with Pfo eattfLcnw, the only Isopod whore 
the body is laterally compressed and where the legs are divided into two groups 
exactly as in An lpln ports. 
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m this sub-order, howevei, is not unfrequently 1 educed to five, 
four, or even three pans. In Hyperndea the last pair of thoracic 
legs never carry branchiae and the number may vary from five 
to two pans In Caprellidea as a rule only two pairs of branchiae 
are present, on the fourth and fifth thoracic somites, but in some 
genera of Caprellidae there is an additional pan on the third somite 
(that of the second gnathopods) 

The oostegitcs spring from the inner surface of the coxopodites 
on the proximal side of the branchial plates Foui pairs are 
commonly present, on the third to the sixth thoracic somites, but 
the number may be reduced In the Caprellidea (Fig 134, m) 
two pairs only exist, on the fourth and fifth somites, but in 
addition a pair of small valvular appendages covering the external 
apertures of the oviducts on the sixth somite are probably to bo 
regarded as vestiges of a third pair Vestigial oostegitcs are 
stated to occur normally in the male sex in a few cases (e g 
Cyamus glohicipiiis and SynmeUa polonica) 

It is very charactenstic of the Amphipoda that the abdominal 
appendages are sharply divided into two gioups differing m 
structure In the majority of Gammaridea (Fig 132) and 

Hyperndea (Fig 136) all the six pans aie present, the first three 
pairs are turned forwaids and consist of a peduncle carrying two 
subequal rami, each of which is multiarticulate and fnnged with 
long setae ; the inner side of the peduncle bears distally a number 
of retinacula, and the first joint of the endopodite has internally 
one or two peculiar “ cleft spines ” which no doubt serve the same 
purpose of coupbng together the pan* of appendages These limbs 
are the chief natatory organs among Amphipoda, and they also 
serve when the animal is at rest to maintain a current of water 
over the gills The last three pairs of abdominal appendages are 
directed backwards and are generally similar to each other, so that 
the name uiopods is commonly used to include them all, though 
in not a few cases the last pair retain, m details of form and 
size, some mark of that differentiation from the preceding append- 
ages which they show m other orders of the Malacostraca. As a 
rule, the three pairs are biramous , not unfrequently the exopodite 
of the last pair consists of two segments, but except for this the 
rami of all are unjomted. Sexual differences not unfrequently 
occur m the size and structure of the last pair, but in no 
Amphipoda are any of the pleopo^ jjiodj ^ed as ^opulatory organs 
The abdomen of most Caprellidea is unsegmenle^Itn'd^.g^ay hear 
vestigial appendages to the number of three pairs (Fig 
An interesting link with the normal Amphipoda is constituted by 
the genus Cercops , where five distinct somites and a terminal piece 
(perhaps the telson) are present. The first and second somites 
bear, m the male sex only, minute filiform appendages of two 
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segments which appear to conespond to the first and second 
pleopods of the normal type, while the fourth and fifth somites 
carry in both sexes stout two-segmented lnnbs answering to the 
fii st and second uropods In most other Capi ellidae the rudimentary 
appendages are nioro fully developed m the male than in the female 
sex, but in a few the abdomen is quite without appendages In 
the male Cyamidac a median appendage is piesent which seems to 
result fiom the fusion of a pair of uropods In Inqolficlla the first 
three pairs of abdominal limbs are represented by small triangular 
plates, sometimes with a minute basal segment, without any trace 
of rarai The last pair is vestigial 

Ahmentaiy System — The alimentary canal of the Amphipoda 
appears to differ from that of most Isopoda in the much greater 
development of the mid-gut rogion, which forms the greater part of 
its length The stomodaeum forms a masticatory or triturating 
stomach, the structure of which appears to be fairly umfoim 
throughout the Gammandea and Caprellidea, and to he more or 
less simplified in the Ilyperndea When fully developed it presents 
anteriorly two lateral ridges projecting into the cavity, armed with 
spines and stiff setae These ridges are moved by poweiful muscles 
passing outwards to the body- wall on either side, and appear to be 
the most important instruments of trituration Posterior to these 
aie two pans of setose ridges running moie or less transversely, 
while in the floor of the cavity is a strong lidge ending behind in a 
fiee tongue -like process and carrying anteriorly four comb-like 
rows of indescent setae The chitmous lining of the stomodaeum 
projects backwards into the beginning of the mid-gut as a cuticular 
funnel In Phi omnia, where the apparatus appears to be adapted 
for stiaimng rather than for masticating the food, the whole stomach 
is telescoped for a little way into the capacious mid-gut The 
hepatic caeca are generally four in number and of considerable 
length, but in a few geneia of Gammandea and in most Hyperndea 
only one pair is present, while in the Caprellidea the ventral pan 
and in Phomma both pairs remain rudimentary Just above the 
point where the hepatic caeca communicate with the gut by a 
common aperture on each side, a short dorsal, forwardly directed 
caecum, unpaired in Gammandea, paired in Hyperndea and 
Caprellidea, arises from the anterior end of the mid-gut. At the 
posterior end of the mid-gut, at its junction with the proctodaeum, 
a second pair of caeca of very vaiymg size is commonly present m 
the Gammaridea. In a few cases only a single unpaired caecum is 
present (Mehta), and in Synwtclla , though two tubes are present in 
the young, that on the right side atrophies and only that on the 
left persists Similar paired caeca me only exceptionally present 
in Hyperndea (Vibilia) and Caprellidea (Oapiella) To these 
posterior caeca of the mid -gut an excretory function has been 
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described, but apparently with different functions, occur in many 
Hyperndea In the Phrommidae, where they have been most 
carefully studied, they occur m all the thoracic legs, and the 
ducts open at the end of the limb or, in the case of the ante- 
penultimate pair, on teeth of the palmai edge of the chela It is 
supposed that in this case they act as poison -glands. In many 
Gaprelkdae groups of gland-cells also supposed to secrete a poison 
are present in the hand of the second gnathopods, their ducts 
opening on a prominent tooth of the palmar edge Finally, glands 
of similar structuie may be found, as in many other Crustacea, m 
the oral appendages and on the oesophageal walls, and are supposed 
to be salivary in function 


Neivous System — The ventral neive-ckain presents, in the 
majority of the Gammandea, twelve pairs of ganglia connected by 
double longitudinal commissuies, the sub-oesophageal supplying the 
mouth-parts, followed by seven corresponding to the free thoiacic 
somites and foui abdominal ganglia, but the number may be 
reduced, especially among the Hyperndea, by the coalescence of 
one or two of the anterior thoiacic with the sub -oesophageal 
ganglia, the fusion of the last two thoracic, and the restriction of 
the abdominal ganglia to three pairs In the Caprelhdca, though 
our pairs of abdominal ganglia may be distinct in the young they 
1 m t ^ L6 ac * u ^ f use d into a single mass approximated to the 

last thoracic ganglion and lying in the penultimate thoracic somite 
in Eh i mama the nerves to the mouth-parts arise fiom the oeso- 
phageal commissures close to the under-side of the bram A post-oial 
antennal commissuie such as exists in the Isopoda is perhaps in- 
dicated by the presence (in Gammandea and Caprellidae) of a 
median foramen piercing the suh- oesophageal ganglionic complex 
near its anterior margin and giving passage to an unpaued strand 

tLTowerhp 11111112 betwe6n the Iower aurfftC e of the stomach and 

Sense Oigans The pan ed eyes of the Gammandea show great 
diversity of size and disposition They are raiely so large Is to 
occupy the greater part of the surface of the head (Ti mhLtoma), 
while on the othei hand they aie in not a few cases quite vestigial 
or apparently absent In the Oedicerotidae, as already mentioned, 
ey aie coalesced to fonn a single organ which is advanced to the 

h n r0Stral pr0cess> aud m a few Cflses Synojm) a 

pair of small accessory eyes are placed below the main eves This 

leads to the very remarkable condition found in the Ampeliscidae 

ommt P H° 8 Be r ff tW0 PaUS i° f 6y ?’ 6(1(311 ° f Whlch 18 made U P of numerous 
ommatidia differing only in details from those forming the eyes of 

other Amphipoda, underlying a single lenticular thickening of the 


In the Caprellidea the eyes are always small, but m the 
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majonby of tho Hyperndea (Fig 13 C, 0 ) they are enormously 
onlaiged, occupying neai ly the whole surface of the head In this 
case each eye is commonly divided into two parts, the dorsal 
differing in the great elongation of the crystalline cones and in 
other details fiom the lateral division Apart fiom the Am- 
poliscidtio, the eyes of tho Amphipoda are characterised by the 
fact that tho corneal covering is not faceted, or, in other woids, 
that conical lenses aie not formed 

In addition to “sensoiy filaments ” of the usual type boine 
by tho mam flagellum of the antennule, and sometimes particularly 
numerous on the enlarged proximal segment of the flagellum 
(Lysianassidae, Ilyperndea), many Gammandea have on tho 
antennae, and sometimes on the antennules, peculiar organs known 
as calccoli These are, 111 the simplest cases, little flattened vesicles 
attached by a nanow stalk, but in some the stiucture is more 
complex They are often, but not always, confined to the male 
sex, and have been variously interpreted as olfactory 01 auditory 
organs, us adhesive suckers, and even as sexual ornaments 

A pair of statocysts have been described in connection with the 
anterior part of the brain in Oxycephalidae 

Hep oductive System — The paued ovaries and testes are of 
simple tubular foim and lie in the thoracic legion The testes 
are continued posteriorly into short vasa deferentia which may he 
slightly dilated into seminal vesicles and open on short papillae 
on the sternum of tho last thoracic somite The oviduct leaves 
the ovary at about tho middle of its length and opens on the inner 
surface of the fifth coxal plate (sixth thoracic somite) It is stated 
that an actual opening does not exist until the moment when the 
oggs aie extruded The spermatozoa consist of a slender, lod-like 
head, to which a filiform tail, stated to exhibit vermiform move- 
ments in some cases, is attached at an acute angle Definite 
sperm atoph ores are not formed, at least m the majority of Amphi- 
poda Tho spermatozoa aie deposited on the ventral surface of the 
body of the female immediately before the eggs are extruded, and 
fertilisation is external The occurrence of ova within the testis 
has been observed in species of Oichestut , where it is perhaps 
universal in young individuals 

Development 

Segmentation is at first total, later becoming supeificial, with 
early differentiation of the blastoderm on the ventral side The 
teloblastic mode of giowth m the post-nauphar region of the 
embryo which occurs m many Isopoda and Mysidacea does not 
present itself 

A “ dorsal organ is early developed as a median thickening 
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of the ectoderm, the cells of which become pyriform, projecting 
inwards and connected with the exterior by a narrow neck The 
larval cuticle, which is formed soon after the differentiation of 
appendages has begun, remains adherent to the dorsal organ after 
separating from the rest of the ectoderm Later, the cells lose 
their apparently glandular character and become mvaginated as a 
thm-walled vesicle, which persists after the embryo is freed from 
the egg-membrane 

The dorsal curvature of the blastoderm as it lies upon the 
spherical surface of the yolk is early exchanged for a ventral 
curvature as the abdominal region of the developing embryo 
becomes folded downwards and forwards The embiyo is not 
liberated from the egg-membrane until the body and appendages 
have assumed more or less their final form The young, however, 
remain within the marsupmm for some time longer, leaving it 
finally only at the ecdysis which precedes the next act of opposi- 
tion. The accounts of some older writers, according to which the 
young after leaving the marsupium of the parent returned to it for 
shelter when alarmed, have not been confirmed by any modern 
observer 

The post-embryonic development in most Amphipoda consists 
mainly in the gradual assumption of secondary sexual characters 
md other features of suboidmate importance. Only m the 
Hyperndea, and notably in the Platyscelidae, do the changes of 
orm occurring after the young leave the brood-pouch deserve the 
lame of metamorphosis 

Remarks on Habits, etc 

The Hyperndea and Caprellidea are exclusively marine (the 
eported occurrence of a Caprelhd m the Lake of Geneva rests 
m insufficient evidence), as are also the great majority of the 
xammandea The Hyperndea are pelagic m habitat, sometimes 
angmg from the surface to great depths, and having often an 
•xceedmgly wide horizontal distribution. The Caprellidea, though 
or the most part inhabiting shallow water and almost or quite 
nthout the power of swimming, include some species of almost 
osmopolitan range. The Ingolfiellidea have also a very wide 
istribution, for the two species which at present compose the 
ub-order come from Davis Straits and from the Gulf of Siam, at 
epths of 1870 fathoms and of 1 fathom lespectively 

The marine Gammandea are rarely pelagic ; they are abundant 
1 the littoral region and penetrate to great depths The vast 
bundance of individuals and species in Arctic and Antarctic seas 
» especially noteworthy As regards the freshwater species, the 
redommance of the genus Gammarus and its nearest allies must 
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>6 noticed, the occurrence of species flora genera otheiwise marine 
n the le relict ” faunas of lakes in Northern Europe and America 
.lid in the Caspian Sea , the peculiar blind subterranean species 
Niphargus, etc ) which come to the am face 111 wells and penetiate 
nto the abyssal waters of deep lakes , and the radiation of single 
,enera into numerous species m a limited aiea in the Garmnan of 
jake Baikal and the Hyaldlac of Lake Titicaca The only terres- 
tral Amphipoda occur among the Talitridae, which in northern 
ititudes live, for the most part, ]ust above tide-marks, but 111 the 
r armer regions of the globe penetrate inlaud to great distances 
Perhaps no Amphipoda except the whale-lice (Cyamidae) (Fig 
35) are truly parasitic, though some foiros with suctonal mouth- 
arts seem to be semi-parasitic on fish ( Ti'ischizostoma ) Many 

lecies, however, are commensal with sponges and other organisms 
he pelagic Phonima (Fig 136) lives in a transpaient barrel-shaped 
bse fashioned from the swimming-bell of a Siphon oph ore or from 
test of a pelagic Tunicate 

The Gammandea probably include the smallest as well as the 
rgest Amphipoda, for many species do not exceed two or three 
lllimetres m length The largest is Ahcclla gigcmtca , Chevreux, 
bich reaches a length of 140 mm. 

Palaeontology 

Fossil remains of Amphipoda are exceedingly raie, and although 
nous problematical fossils fiom Palaeozoic rocks have been 
Ferred to this group, it is only in the Tertiary and Post-Tertiary 
posits that undoubted Amphipoda liave been found. All belong 
the Gammaridea, and though a genus Palaeoganmanib has been 
.ablished for a species found in Baltic amber, its generic and even 
icific distinctness from Borne of the living forms of Gammauib is 
certain. 

Affinities and Classification. 

Although the Amphipoda plainly belong to the Peracandan 
lsion of the Malacostraca, their relation to the other Orders of 
division is by no means so clear as in the case of the Isopoda. 
jeems very likely that their affinity to the Isopoda is not so close 
has been supposed Apart from the sessile eyes and the 
mentation of the body, characters which, there is reason to 
pose, have originated independently in at least one other case 
onunga\ almost the only point of agreement between the two 
lers is found in the possession of coxal plates on the thoracic 
utes But coxal plates are not developed in the most primitive 
Doda, the Asellota, and if their appearance m that Order was 
r than the acquisition of the typical Isopodan characters, the 
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coxal plates of the Amphipoda. must have had an independent 
origin Tho possession, by the typical Amphipoda, of a well- 
developed inner ramus on the antennule and of a palp on the 
maxillula are also among the characters which suggest that they 
diverged from the common stock before the origin of the Isopoda 
It is quite probable, however, that their origin must be sought for 
still further back They do not show the late appearance of the 
last thoracic limbs and the tendency to coalescence of the telson 
with the last somite — characters which are common to Cumacea, 
Tanaidacea, and Isopoda — while they possess a well- developed 
antennal gland, which is never more than vestigial in these 
Orders. Further, if the bianchiae of the Amphipoda be, as Claus 
suggests, epipodites which have become shifted fiom the outer to 
the inner surface of the thoracic coxopodites, it follows that tho 
Amphipoda must be supposed to have diverged, not later than the 
origin of the Mysidacea, from the primitive caridoid stock of the 
Peracanda 

A regards the four sub ordeis recognised in the classification 
given below, it must be admitted that the differences separating the 
Gammandea from the Caprellidea are not very profound A 
Caprellid which should unite the abdomen of Ceuops with the 
thoracic limbs of Plihsua would be very hard to exclude fiom the 
Gammandea. The Hypeindea hardly depart more widely fiom 
the Gammaiidea, but the retention of the three divisions is at 
least convenient The sub-order Ingolfiellidea, established by 
Hansen for the two species of the genus Ingoljiella , is not admitted 
by Stebbmg, who places the genus among the Gammandea, but 
there seems to be force in Hansen’s contention that its inclusion in 
that sub- order would logically require the absorption of the 
Caprellidea also 

The difficulties in the way of classifying the Amphipoda are of 
a different order from those met with among the Isopoda We 
have to deal with a vast diversity of forms within a compaiatively 
small range of morphological variation, with the consequence that 
genera and even families have to be established on trivial chaiactcis, 
and their limits aie often hard to define 


Order Amphipoda, Latiedle (1816) 

Sub-Order 1 . Gammandea, Dana (1852). 

Head not coalesced with second thoracic somite , palp of maxillipeds 
with two to four segments , all the thoracic legs present, usually with 
well-developed coxal plates, abdominal somites generally distinct,' 'with 
well-developed appendages , eyes rarely very large 

Family Lysianassidae Lytnanaasa, , H Milne-Ed waids , Alicella, 
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Clievieux ; Socaines , Boeck, Tnschizostoma , Boeck Family Steso- 
cephalidae Stegocephal ns, Kroyer Family Ampeliscidae. Ampehsca , 
Kroyer Family Haustoriidae. Hailstorms, S Muller, Uiothoe, Dana 
Family Phoxooephalidae Phoxocephalus , Stabbing Family Amphi- 
lochidae. Amphilochub, Spence Bate. Family Leucothoidae. Leucothoe , 
Leach Family Anamixidae AnaAmxbs, Stebbmg Family Metopidae 
Metopa , Boeck. Family Cbessidae Ciessa , Boeck Family Steno- 
thoidae. Stenothoe, Dana. Family Phliantidae Phlias , Guerin , 
Peiewnotus, Spence Bate and Westwood Family Colomastigidae. 
Colomastix, Grube Family Lafystiidae Lafystius, Kroyer Family 
Laphybtiopsidae Laphystiopsis , G 0 Sara Family Acanthonoto- 
zomatidae. Acanthonotozoma , Boeck Family Pardalisoidae Paida- 
hsca, Kiuyer Family Lilljeborgiidae. Lilljeborgia , Sj:>ence Bate 
Family Oedioerotidae. Oediceroa, Kroyer Family Synofiidae 
Sijnoput , Dana Family Tironidae Tuon , Lilljeborg Family 
Oalliopiidae. Calhoptus, Lilljeborg Family PLEUbTiDAE. Pleustes, 
Spence Bate Fumily Pauamphithoidae Paramphithoe , Bruzeliue 
Family Atylidae. Atylus , Leach Family Melphidippidae Mel- 
phidippci, Boeck Family Eobiridae Eimrus, Kroyer Family 
Bateidae Batea, F Muller Family Pontogeneiidae. Pontogencia , 
Boeck. Family Gammaribae Gaminaius, Fabricius (Fig 132), 
Niphargus , Schiodte, Synuiella, Wrzesmowsln , Mehta , Leach. Family 
Dexaminidae. Vexamine, Leach , Polychena , Haswell. Family Talitridae 
(Orchestiidae) Tahtnis, Latreille ; Orchestw , Leach ; Hyalella, S Smith 
Family Aoridae Am a, Kroyer Family Photidae. Photw, Kroyer 
Family Isaeidae. Laea , H Milne-Edwarda Family Auphithoidae 
Amphithoe , Leach Family Jassidae (Podooeridae auctt.) Jassa , Leacli 
(Podocerus auctt.) Family Cohophiidae Omophium, Latreille Family 
Cheluridae Oheluia, Philippi Family Podooeridae. Podocerus, Leach 
( = Platophium , Dana) Family Hy’periopsidae Hypei'iopsis , G 0 Sars 

Sud-Order 2 Hyperiidea, Dana (1852) 

Head not coalesced with second thoracic Bomite , jmlp °f maxilhpeds 
lbsent , all the thoracic legs present, coxopodites Bmall or coalesced with 
he body , abdominal somites generally distinct, with well-developed 
ippendages , eyes generally very large 

Family Soinidae. Sana, Prestandiea. Family Vibiliidae Vibilia , 
L Milne- Ed warda Family Cyxlopodidae Oyllopus, Dana Family 
janceolidae. Lanceola , Say Family Cystibqjiatidae Oystisoma, 
ludnn. Family Paraphronimidae Paxaplu omnia, Claus Family 
^hronimidae Phi oiiima, Latreille (Fig 136) Family Mimonectidae. 
\hmonectas , Bovallius Family Hyperiidae Hypem, Latreille , Phrom- 
nopais, Claus, Enthemisto, Bovallius Family Phrobinidae. Phi osina, 
tisso Family Phorcorrhaphidae. Phw'cm'ihapKis, Stebbmg Family 
hjATYSOELiDAE Platyscelus, Spence Bute Family Soelidae Thyiopus , 
)una Family Pronoidae Pronoe, Gudnn Family Tryphanidae 
? ypliana , Boeck Family Oxycephalidae Oxycephalus , H Milne- 
3d wards , Ehabdosoma, White (Fig. 133) 

16 



242 


THE CRUSTACEA 


Sub-Order 3 CaprelMea, Dana (1852) 

Head coalesced with second tkoiacic somite , palp of nnmllipeds with 
rom one to lour segments (rarely absent) , rarely all tlie thoracic legs 
-veil developed, fourth and hfth pairs usually vestigial or absent, coxo- 
Dodites small or coalesced with the body , abdominal somites generally 
ill fused, appendages vestigial , eyes small 

Family Caprellidae. Get cops, Kroyer , Phtistca , Slabber ( Pioto , 
Leach) (Fig 134, A), Gaptella , Lamarck (Fig 134, B) Family Cyamidak 
^yamus, Latreille , Platycyamus , Lutken , Paracyamus , G 0 Sais (Fig 
L35) 

Sub-Order 4. Ingolflellidea, Hansen (1903) 

Head not coalesced with second thoracic somite , palp of inaxillipeds 
vith four segments , all the thoracic legs present, coxopodites small , 
ibdominal somites distinct, first three and last pairs of abdominal 
ppendages vestigial , eyes wanting but articulated eye-lobes are present 
Family Ingolpiellidae Ingolfiella , Hansen 
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THE EUPHAUSIACEA 

Order Euphausiacea, Boas (1883) 

Definition . — Eucarida which retain the primitive candoid facies , 
the exopodite of the maxilla is small , none of the thoracic limbs 
are specialised as maxillipeds , branchiae m a single senes, attached 
to the coxopodites of the thoracic limbs (podobranchiae) , young 
hatched in the nauphus-stage 

Histmical — The genus Tliysanopoda was placed by H Milne- 
Ed wards in his tnbe of “ Mysiens,” and most subsequent writers 
have retamed the association of Euphausiacea and Mysidacea in the 
group “Schizopoda " As already mentioned, Boas was the first to 
separate the two orders Some of the later larval stages were 
descnbed as distinct genera by Dana before their true nature was 
pointed out by Claus. MetschmkofFs discovery of the nauplius- 
stage of Euphausia (1869) drew special attention to the larval his- 
tory of the group The gmost complete account of the structure, 
development, and classification of the Order is that given by G 0 
Sars m his 11 Challenger ” Report. The phosphorescence of certain 
Euphausians was first observed by J. V Thompson , the light-pro- 
ducing organs have been investigated by several zoologists, the 
most detailed account being that given by Chun. 

Morphology 

g ener ai form of the body (Fig 139) is completely candoid. 
The carapace coalesces dorsally with all the thoracic somites, and 
is produced m front as a rostrum which is never of great length. 

The telson (Fig. 142, C) has a pair of large movably articulated 
spines (s) near the tip Sars has shown that these are formed by 
enlargement of one out of several pairs of marginal setae which are 
present in the larvae, and it is therefore impossible to regard them 
as representing the caudal furca of the Leptostraca 

Appendages The antennules are always biram ous, and 
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times show sexual modifications in the male The antennae have a 
protopodite of two segments, a large lamellar scale or exopodite, 
and an endopodite with three peduncular segments and a long 
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flagellum The mandibles (Fig 140, A) generally have a palp, 
the incisoi process is directly connected with the molar process, 
there being no lacmia mobilis or low of spines in the adult, 



Fin 140 


Mouth parts of Meganyattphaiicit norvfgtca A, mamllbln, B, maxillnln, 0, maxilla e, 
oxlta of llrst Hutment of maxillula, cr, axopodito of maxilla, i, incisor process , w, molar 
1 »*ocohh , p, palp 

although some spines are present in the larval stages The 
maxillulae (Fig 140, B) have the usual two endites and a palp 
which is generally unsegmented, but has three segments m Bentheu- 
pJuiibsta and two in some larvae An exite of the third segment 
(exopodite) is present in the larva, but is replaced in the adult 
by an exite ( e ) of the first segment, sometimes erroneously called 
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the exopodito The maxillae (Fig HO, G) gonorully consist of 
four segments, tho soconcl and third liavo each two onditos and 
the third a slightly developed fkbolliform o\ito (exopodito) , tho 
fourth segment generally forms the palp, but 111 JlenthaiphavMa the 
palp consists of three segmonts 

None of tho thoracic hinh (Fig 141) aio specialised .is nmxilli- 
peds, the first pair boing snnilai 111 goncial structiuo to tho 
succeeding pairs Tho coxopodito is distinct and of considerable 
size , the main flexure of tho limb is between tho moropodite and 
carpopodite , the tominal segment is blunt and is without a 
distinct claw, bearing, as a rule, only a group of setae and 



Fin 111 

Thoracic ftpiinrulfitfOM of Mcganyi'Ujihanrji nnn*eglcu A, llrnl It, hccchhI, C', Novnnlh , 1), 
eighth hr, branchia (oplitodltu) , c/i, endopodlto t ix t c\opoil1lit , p , lumlnnuH oi^nn 

spines , the exopodite is flattened and fringed with long natatory 
setae 

On the outer side of tho coxopodito is attachod ail epipodite (&r), 
which is small and simple in form on tho first pair, but ramified in 
a complex fashion on the othei pairs of thoracic limbs These 
branchiae, which are apparently quite homologous with the podo- 
branchiae of Decapoda, are not covered by the carapace, but bang 
out freely at the sides of the body 

The last pair or the last two pairs of thoracic appendages me 
commonly much reduced or quite vestigial, though the branchiae 
connected with them are of large sizo (Fig 141, D) Tho coxopodite 
of the first pair is usually slightly produced inwards, but only m 
Benilmphausia does this so-called “masticatory lobe” differ very 
perceptibly fiom that of the succeeding pairs. A more important 
exception to the uniformity of tho thoiacic limbs is found in the 
genera forming the sub-family Nematoscehnao In these, one of 
the pairs, the second or the third, has the cndopodito greatly 
enlarged and modified as a raptorial weapon. In Nematoscelis , the 
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second pair is modified and the terminal segments bear a groi 
long seriated “ harpoon-like ” spines In Nematobi achion, the d 
of the raptorial limbs are veiy similar to those of Nematoscelu 
it is the fluid pair that is modified In Stylocheiuniy the enk 
third pair has a prehensile foim, the terminal segment bem 
most cases, opposed to a strong spine 01 a group of spines or 
penultimate segment In S abbrematum , Q- 0 Sars ( = S chc 
Chun), the spines are replaced by a process of the segment, f 
ing a perfect chela 

The jrtwpodb (^g 14-2, A) are strongly developed in 

sexes, the lami are flattened and funged with long setae, 
ondopodite has an appendix intei na ( i ) on its inner edge 



first and second pairs are modified os copulatory organs in t 
male sex, the endopodite having on its inner edge a seconda 
lobe, which in the first pair (Fig 142, B) is very large and arm 
with a complex apparatus of hooks and spines The mope 
(Fig 142, C) have the exopodite divided hy a suture only 
Bcntheuphmisia 

Internal Anatomy — The details of the internal structure 
Euphausiacea are still very imperfectly known The hepatic cae 
appear to resemble those of Decapoda, being generally much ran 
fled and forming a large mass lying on each side of the thorac 
region The heart is short, polygonal m outline, with three poi 
of ostia. The disposition of the main arterial tiunks appears 1 
be similar to that m the lower Decapoda An antennal gland 
present, opening on the proximal segment of the antennal peduncl 
In the thoracic portion of the ventral nerve-chain the full numbe 
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of eleven pairs of ganglia can be distinguished, all of them, however, 
united in a common sheath of connective tissue The paired eyes 
are each divided into two parts in the sub-family Nematoscelinae, 
the fronto-dorsal division having elongated ommatidia of a structure 
supposed to be adapted for perception of very faint light The 
nauplius-eye peisists in the adult, lying between the paired eyes 
beneath the rostiuni 

No statocysts have been found in any Enphausiacea A 
system of very remarkable organs, formerly legarded as “accessory 

eyes ” but now known to be lumin- 
ous organs (photospheres), is found 
111 all Euphausiaeea except Benth- 
euphausia As a lule, two pairs 
of these oigans aie situated 111 the 
coxopodites of the second and 
seventh pans of thoracic append- 
ages respectively (Fig 141, p), an 
unpaired series on the sternal sui- 
face of the abdomen between the 
bases of each of the first four pairs 
of pleopods, and a pair, differing 
in stiucture from the others, on 
the upper surfaces of the oculai 
peduncles In Stijlocheiron , only 
the posterior thoracic pair, the first 
abdominal organ, and those on the 
(AfS!rChun , ) r ’ reflecfcor ■ Htrifltefl bo,1 y ocular peduncles are present Each 

of the thoracic and abdominal photo- 
spheres (Fig. 143) 19 globular 111 form, lying beneath and detached 
from the hypodermis, and, in some cases at least, moved by special 
muscles The centre of the organ is occupied by a “striated 
body ” (sti ) composed of radiating lamellae, which seems to be the 
actual source of light, and 111 which the fibrils of a special nerve 
appear to terminate On the inner side of the photosphere is a 
concave reflector (?) composed of concentric lamellae, and on the 
outer side is a lens (Z), the whole surrounded, except on the outer 
side, by a sheath of pigment (pq) The orgariB on the oculai 
peduncles differ in the absence of a lens, m their incomplete separa- 
tion from the hypodermis, and m other details of structure 

The spermatozoa are simple round or oval nucleated cells 
They are transferred to the female 111 lageniform spermatophores, 
which are formed within the widened terminal parts of the vasa 
deferentia. l 

The ova are small m size and are sometimes earned, probably 
only for a short time, “ loose among the thoracic legs, which, with 
their setae, form a sort of basket” (Holt and Tattersall, Euphausia ). 


Fig 148 

Section through one or tlie tlioinele 
phosphorescent orgnnH of Nanai otuclls 
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In other cases the ova are agglutinated together in a paired or 
unpaired mass, which is carried attached to the eternal surface of 
the thorax, close to the bases of the posterior thoracic legs. These 
egg-packets are formed by some cementing material apparently 
extruded along with the eggs, and bear no sort of morphological 
losemblanco to the brood-sac of the Mysidacea which is formed by 
the oostegitos. 

Development 

With the possible exception of the genus Stylocheii on^ where the 
relatively large size of the eggs suggests an abbreviated meta- 
morphosis, the Euphausiacea leave the egg in the form of a typical 
nauphus, apd reach the adult stage by a series of changes closely 
parallel to those occurring in the metamorphosis of the Penaeidea 
among the Decapodn Claus was the first to show that the forms 
described by Dana as distinct genera under the names Calyptopis, 
Furcilui , and Cyrioput are successive stages in the development of 
Euphausiacoa, and Sars has been able to fill m, with considerable 
detail for several species, the outline thus furnished. 

The newly hatched nauplius, as described by Metschnilcoff and 
by Sars, has an oval unsegmented body, without shell-fold, and with 
the thiee pairs of nauplius appendages m their typical form, the 
first umramous, the second and third biramous , the median eye is 
not developed till the next stage. The mouth is not at first open, 
and there is no masticatory process on the base of the antenna 
such as exists in Copepoda and Cirripedia 

In the next stage the larva assumes the form of a metanauphus 
(Fig 144, A), showing rudiments of three additional pail's of ap- 
pendages, maxillulae, maxillae, and fiist thoracic limbs, the shell- 
fold is definod posteriory and partly envelops the hinder end of 
the body In later metanauplms-stagcs the third pair of appendages 
(mandiblos) lose their natatory chaiacter and become reduced to 
the basal masticatoiy part, with only a very amall rudiment to 
represent the palp , the shell-fold now projects m front as well as 
behind and overhangs the head in a hood-like form. 

The metanauphus is succeeded by a series of Calyptopis- 
stageB (Fig 144, B, C) characterised by the elongation of the trunk- 
region and the differentiation of its somites 111 regular order from 
before backwards. The thoracic somites are very short and crowded 
together The appendages already present become more fully 
developed, and, later, the rudiments of the last pair of abdominal 
appendages appear The paned eyes develop but are coveied at 
this stage by the frontal hood of the carapace 

In the next succeeding Fui cilia- stages the paired eyes become 
free and movable The pleopods develop from before backwards 
and, later, the anterior thoracic limbs The Cipiopui- stage is 
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charactensed chiefly by changes in the antennules and antennae 
The former, which have become bnamous already in the Cahtftopis- 
stage, now elongate, while the latter lose their natatoiy function, and 
their rami, at first similar, become differentiated into “scale” and 
flagellum respectively The Cyi tojna gradually assumes the form 



of the adult by the successive development of the remaining 
thoracic limbs. 

The development of the various appendages, which has been 
traced m detail by Sars, offers many features of intei est The palp 
of the mandible only begins to redevelop m the Cyiiopia -stage 
The maxillula has at first a small lobe on its outer edge which 
appears to represent the exopod and is quite independent of thet 
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plate which m the adult has boen regaided as the exopod, but which 
is m reality a process of the first segment of the limb A very 
remaikablo feature 111 the development of the paired eyes has been 
found by Sara m the case of Ncinatoscahs Here, a transitory larval 
eye consisting of seven ommatidm is formed at the apex of the eye- 
stalk and is later pushed to the outer side by the development of 
the permanent visual organ Though this transitory organ is stated 
to disappear m the adult, it seems possible that it may really persist 
as the luminous organ of the eye-stalk, especially since in other 
genera ( Nydiphanes , Euphausia) the luminous organ appears before 
the eye itsolf The heart is visible already in the later metanauphus- 
fctagos. The liver at first consists of three caecal tubes on each side. 


Remarks on Habits, etc 

The Euphausiacea are characteristically pelagic animals, forming 
part of the surface-plankton of the ocean and descending to con- 
siderable depths They are generally remarkably transparent, but 
Bertihenphausia, which appears to bo a true deep-sea form (1000- 
1800 fathoms), is said to be “quite opaque and of a similar vivid 
led colour to that of most other true deep-sea crustaceans ” The 
adult size of most Euphausiacea lies botween 10 and 40 mm , a 
species of Thysanopoda reaches 55 mm 111 length 

No fossil Euphausiacea are known. 

Affinities and Classification. 

The differences 111 structure which justify the separation of the 
Euphausiacea from the Mysidacea have aheady been insisted on. 
A certain degree of resemblance in general facies is sufficiently 
accounted for, on the one hand, by the approximation of the basal 
members of the Poracandan and Eucaridan lines of descent to the 
common candoid stock of the Eumalacostraca , and on the other, by 
tho similarity in habitat between the Euphausiacea and many of 
Mysidacea The resemblances between the members of the present, 
Order and some of the lower Decapods, especially the Penaeidea, 
are of much greater importance The complex copulatory armature 
of the first pleopods lias a general resomblance to that of the 
Penaeidea, the larval development of the two groups is closely 
parallel, and tho presence m some Sergestidae of phosphorescent 
organs resembling, though differing in details from, those of the 
Euphausiacea may also be ail indication of affinity. 

At present, tho Euphausiacea are regarded as constituting only 
a single family 
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Order Euphausiacea, Boas (1883) 

Family Eudhausiidae Sub -Family Euphadsiinae Euphausia, 
Dana , Thysanopoda, Milne-Edwards , Nyctiplianea, G 0 Sars , Meganycti - 
plumes , Holt and Tattersall (Fig 139) Sub-Family Nematobcelinae 
Nematoscelis , G 0 Sara, Nematobracluon, Caiman, Stylochm on, G 0 
Sal's Sub-Family BENTHEurHAUsiiNAE Bentheuphauaw, G 0 Sars 
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THE DECAP0DA 

Order Decapo da, Latieille (1802) 

Sub-Order 1 Natantia 

Tribe 1 Penakidea 
„ 2 Caridea 

„ 3 SrENoriDEA. 

Sub-Order 2 Eeptantia 

Section i Palinura 
T ribe 1 Eryonidea 
„ 2 SOYLLAUIDEA. 

Section 2 Astaoura. 

Tribe Nephropsidea. 

Section 3 Anomura. 

Tribe 1 Galatheidea 
„ 2 Thalassinidea, 

„ 3 Paguridea 

„ 4 Hippidea. 

Section 4 Bracjhyura 
T ribe 1 Dromiacea. 

Sub-Tribe 1. Dromiidea 
„ 2 Homolidea. 

Tribe 2 Oxystomata 
„ 3 Brachygnatha 

Sub-Tribe 1 Bhachyruyncha. 

„ 2. Oxyrhyncha 

Definition . — Eucarida in which the candoid facies may be 
otained or may be greatly modified, the exopodite of the maxilla 
s very large (scaphognathite) ; the first three pairs of thoracic 
imbs are specialised as maxillipeds ; branchiae typically in seveial 
ienes, attached to the coxopodites of the thoracic limbs (podo- 
oianchiao), to the articular membranes (arthrobranchiae), and to the 

253 



254 


THE CRUSTACEA 


lateial walls of the thoracic somites (pleurobranclnae), very rarely 
absent , young rarely hatched in nauplius-stage 

Historical — The great majority of the larger and moie familiar 
Crustacea belong to the Decapoda, and this Order received far more 
attention from the older naturalists than any of the others A 
considerable number of species are mentioned by Anstotle, who 
describes various points of then anatomy and habits with accuuicy, 
and sometimes with surprising detail A long senes of puicly 
descnptive writers who have added to the number of known forms 
without contributing much to a scientific knowledge of them begins 
with Belon and Rondelet m the sixteenth century, and perhaps 
does not altogether come to an end with Herbst’s Natur gesrhirhte 
der Kiabben uiul Krcbse (1782-1804) Among the most noteworthy 
of early contributions to anatomy are Swammerdam’s memoir on 
the Hermit-Crab (1737), and that of Roesel von Kosonhof on the 
Crayfish (1755) Reaumur’s observations on the phenomena of 
eedysis and the regeneration of lost parts in the Crayfish (1712- 
1718) have become classical The foundations of classification weie 
laid by J C Fabncius (1793), who divided the Lmnean genus Cancer 
into a large number of genera, the majority of which are still 
recognised Latroille, to whom the name of the Order is duo (1802), 
also began its subdivision into sub-orders and families. In this 
more than in any other group of Crustacea the works of H Milne- 
Ed wards, and especially his Histone Natmelh des Cmstacfo, may be 
taken as marking the beginning of the modem period, and his 
ilassification of the Decapoda has been that most generally accepted 
intil very recently. Almost contemporaneous with Milne-Edwards’s 
^reat work, and often surpassing it m morphological detail and 
jystematic insight, was de Haan’s volume on the Crustacea of Japan 
1833-1849) The first important departure from the geneial plan 
if classification laid down by these authors was made by Boas m 
1880, and his system has been further elaborated by Ortmaim and 
iy Borradaile J Vaughan Thompson’s discovery of the larval 
netamorphosis of Decapoda (1828-1831), confirming the earlier 
>bservations of Slabber and Cavolim in the eighteenth centuiy, 
pave nse to a curious controversy in which Westwood and others 
lenied the possibility of such a metamorphosis, basing their argu- 
nents chiefly on Rathke’s memoir on the development of the 
Irayfish (1829) F Muller in 1863 made the highly important 
Liseovery that Penaeus is hatched from the egg in the form of a 
Lauphus, and the clue thus given to the interpretation of the other 
irval stages was followed up especially by Claus The development 
f deep-sea exploration within the last thirty years has resulted in 
he discovery of a large number of important new types of Decapoda, 
jhich have been described by Spence Bate, Miers, Henderson, A 
Iiln e-Edwards, Bouvier, Faxon, Alcock, and others. The numerous 
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species of fossil Decapoda have been little studied from the point of 
view of phylogony, but refeienco may be made to Bouvior’s essay 
on the ongin of the Brachyura as an example of the results which 
may be obtained m tins department Among other papers which 
have been fruitful in suggesting lines of research for later workers 
may be mentioned Huxley’s memoir on the classification and distri- 
bution of the Crayfishes (1878), A Milne-Edwards’s note on the 
transformation of the oculai peduncle into an antenna-like organ in 
a Palinurid (1864), the forerunner of much recent work on regenera- 
tion and abnormalities, Giaid’s papers on parasitic castration, and 
Faxon’s discovery of the alternating dimorphism in the males of 
Camharus . 

Morphology. 

Amid the great diversity of general shape exhibited by the 
Decapoda, two chief types may be distinguished In the first or 
Macrurous type the geneial candoid facies is retained, the body is 
elongated and subcylindncal, the abdomen is long and terminates m 
a tail-fan In the Brachyurous type (which is not confined to the 
Brachyuio, but recurs in several groups of Anomma) the cephalo- 
thoiax is greatly expanded laterally and more or less depressed, 
while the abdomen is reduced and folded underneath the cephalo- 
thorax A very peculiar modification is found in iqost Paguridea, 
where the abdomen is mnikedly asymmetrical and spnally coiled, 
in correlation with the habit of living in the empty shells of 
Gasteropod Molluscs 

The carapace coalesces dorsally with all the thoracic somites 
and overhangs on each side as a Jymnchiostegite, enclosing the 
branchial chamber within which the gills are" concealed Anteriorly 
it may be produced into a rostrum, winch m a few genera of Caridea 
(Rhj/7idiocinetaSj etc ) is movably articulated In most Brachyura 
the rostrum is reduced to a short but broad frontal plate, of which 
the relations to the adjacent pnrtB will be described below In 
some Macrura (Scyllandae) and in many Anomura and Brachyura, 
where the cephalothorax is flattoned from above downwards, the 
lateral portions of the carapace are abruptly bent inwards towards 
the bases of tho logs The lateral margin thus produced is 
-commonly toothed or otherwise armed 

The surface of the carapace is commonly marked by depressions 
and grooves corresponding in part to the insertions of various muscles, 
but in part independent of these In this way several regions 
of the carapace are defined which, especially in the Brachyura, 
may be still further divided into sub-regions. For convenience 
of systematic description these various areas are denominated ac- 
cording to a scheme of terminology introduced for the most part 
by H. Milne-Edwards (1851) More recently tho furrows of the 
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carapace have been studied by Boas and by Bouvier Only a few* 
points can be mentioned here In the lobsters and crayfish a con- 
spicuous groove (Fig 145, c) crosses the dorsal suiface of the 

carapace transversely about 
the ^ddle of its length 
*a" 'x i e * * and curvea forwards on 

V h 1/ either side This groove, 

\ K, wjp 11 *’® named the “cervical groove ,r 

r by Milne - Edwards (6 in 

Boas’s terminology, the 
Fio 146 “ branchial groove 51 of Bou- 

Carapace of the Norway Lobster (Xephrops not V10r )j ^ aS Supposed by him 
vegicna ) from the able (Aftei Boas ) The letters refei to indicate the line of 
ring to the gioo'vea of the carapace are those U9ed by ■, , , ,, 

Boas e, the “can ical groove ’ of Bouvier, “anterior division between the por- 
cervical groove" of Boiradalle, c, “branchial groove" tin a n f fhp, mrflnnpfl 
nf Bom ler, “ posterior cervical groove" of Borradaile tl0na 01 Lne ca ^ a P a C e ana 

mg from the antennal and 
mandibular somites respectively Other writers, for instance, 
Huxley, regarded it as maiking the limits of the cephalic and 
thoracic regions There appears to be no ground, however, for 
regarding this groove as of greater importance than some of the 
other grooves of the carapace. In some cases an equally con- 
spicuous transverse groove ( e of Boas, “ cervical groove ” of Bouvier)- 
(Fig 145, e> e) ciosses the 

carapace a little in fiont of the r -^ f c it 

cervical, and as this is the only c ~-c' — \ 

transverse groove, apparently, 

to be found in any of the lower \L 1 ‘ — i^nnmTTr^ 

Macrura (Stenopidea, Candea), 

it seems at least as likely to ^ j i 

afford an impoitant morpho- ^ 140 c a 

logical landmark In Some Carapace of Culhaimsm nouttbritanniaa (Thu- 

cases portions of the carapace from tlio left side (After Borradaile) 

w UAAO I., e, the grooves so lettered by Bous (see Fig 144) , 

may be separated by a lonffl- 1 aanmurim (perhaps also the ZZitcttiirom/i- 
j . r J , fP tllca), the frout part of which la the line h of 

tudinal gioove or uncalcified Boos, It, linen thalamtntin (perhaps nlao tho 


line, which may even form a nt part wl ‘ l1 13 th ° 11,10 

movable hinge Of this nature 

are the linen thalassimca (Fig 146, It) of the Thalassmidea, with' 
which the l homohca of the Homolidae may perhaps be identical, 
and the l . ctnomuncci (l a) of many Anomura, identified with the 
/ chomndica of Dromndae and the unfortunately named “epimeral 
suture” of other Bracliyura 

The sternal surface of the cephalo thorax is very narrow m 
many Macrura, but is often broad m those which have a depressed 


form It is broad m many Anomura and m all Brachyura, with 
the exception of Rammdae The thoracic sterna are usually clearly 
distinguishable, and, in the lower forms, seem to preserve a certain^ 
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degiee of mobility In the higher foims they become firmly united, 
with the exception of the last thoracic sternum, which may be 
movable (Astacidae, Parastacidae, and Anomura) 

In front of the mouth, regions representing the sterna of the 
three pieoral £< somites ” can be distinguished, but on account of 
the “ cephalic flexure ” the ophthalmic and antennular sterna are 
directed forwaids, or even upwards The antennal sternum is 
mainly represented by the epistome , a plate of varying shape lying 
between the labium and the bases of the antennae. In the 
Natantia the epiatome is comparatively narrow, and on each side is 
sepaiated from the lateral poitions of the carapace by the exhalent 
branchial channels In most of the Eeptantia the epistome (Fig 
147, A, ep) is broad and comes in contact with the carapace on each 
side, and in the Brachvura it becomes firmly united with it In 
this way there is defined more or Jess distinctly a buccal fiame 
AVi thin which lie the mouth-parts, and which in most Brachyura is 
closed by the opercuhform third maxillipeds The sides of this 
buccal frame are foimed by the free an tero -lateral margins of 
the carapace (Fig 147, B, l m\ while in front it is more or less 
distinctly delimited by the epistome itself, or by a transverse ndge 
(Fig 147, B, am) winch divides the epistome into two parts, the 
epistome proper and the endnstome or palate {end) In most 
Brachyura also (except the Dromiacea) the proximal segments of 
the antennae are fused with the epistome In the Macrura the 
antenoi margin of the carapace forms on each side of the base of 
the rostrum a more or less distinct “orbital notch,” within which 
the eye rests when it is turned outwards. In the Brachyura this 
transverse direction of the eye-stalks is permanent, and the 01 bit 
is usually (except in Diomiacae) completed by the downgrowth 
of a process (Ip) from tho front, external to the antennulea, which 
unites either directly or, more usually, by mteivention of the second 
segment of the antenna, with the sub -01 bital lobe (s 0 ) of the cara- 
pace Further, m all the Brachyura the rostrum or frontal plate 
sends downwards in the middle line a process {mp) which unites 
m front of the ophthalmic and antennular sterna with the epistome, 
and separates from one another the basal segments of the antennules 
The greater part of the ophthalmic peduncle is in this way con- 
cealed in a kind of sheath, and only the terminal segment appears 
and is movable within the orbit 

In the Dromiacea the second segment of the antennal peduncle 
is free and there is no corresponding process of the front, so that 
the orbits are incompletely or not at all defined The arrange- 
ment is hardly more complete in certain Oxyrhyncha (Maw oclmra) 
(Fig. 147, B), but m most Brachyura the antennal peduncle joins 
with the front to form a partition separating completely the 
orbits from the “antennular fossae,” into which the antennules 

17 
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may be withdrawn Theie is, however, great diveisity 111 t 
tails of structure of the “facial" legion among the Brachym 
these are of considerable value as systematic chaiacters 

In the Scyllaridae among the Macrurous gioups the c< 



Fid 147 


Head and auterioi pait of body from hnlow A, Aijj/i/o/h imrni/lt nn D, M 
Kaenip/trl 0, Cnrpiliiu cruivcxti a (Drawn by MIhh G M Woodward ) n\ imi fin 
antenna , cu/i, ridge forming anterior muigui of the lnonth-lnimn and dividing llm ( 
area into oplatome propel and midoatome , i, point wlmrn tlm Inti ml wing ol Un 1 
touehas, or, in B and 0, fiiHua with, tin eplstonm, u, ojn, in O ndraLtod iiiln, n 
concealed by, the orbit, mil, endoatomn , t/i, oiiistoinn , ex, nxopodlfii , 1 in, hil.oi 
of buccal frame , l p, lateral process of lostrnl plate, which in CJ cijtmcw in contact. wil.li 
segment (2+B) of the antenna , 7 /uf, mandible, i up, median pmiiNS nf thn itonL (In 
uniting with anterior piocesH or epistcmiH , nu^, tldid ina\illlp('il , 7, rontiuni 
frontal plate , sn, auborbltal lobe running door ot mbit, t, in A, iubmeln bearing ( 
antennal gland, in B and C, oi»orculuni i o\ ering tho opmdng and probably rain om 
reduced ilrst segment of tho autmiua , 1 5, the HcguirutH of tho antennal pndunuo. 

region is modified m a way that at first sight suggests tho - 
urous type, the eyes being widely separated and lodged in e< 
mbits In this case, however, the front unites in the mkl< 
not with the epistome but with the greatly enlarged ant 
somite 

In the Alplieidae (Candea) the anterior margin of tho c 
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is modified in a very peculiai manner, growing over and, in most 
cases, completely enclosing the eyes 

The differences in the development of the abdominal region are 
no less conspicuous than 111 the case of the cephalothorax, and 
have been utilised as affording chaiacters foi the primary sub- 
divisions of the Order. In the Natantia the abdomen is laige and, 
with its appendages, forms the chief organ of swimming It is 
generally more or less compiessed and its somites have well- 
developed pleura It is doi sally humped or bent between the 
third and fourth somites in many Candoa (Eukyphotes, Boas) (Fig. 
148), but the character is not so constant as to justify great 



Fia 148 

HiJurticaipus Mphmul (Caridun, TamlaUdau), showing tlm “humped" farm of tliu abdomen 
and the multlartiLUlato moropodlta and cm popotlltn of the second leg (From Alcock, 
\tUumLLst in Induin Sean ) 

systematic importance being attached to it In the Palnmra and 
Astacura the importance of the abdominal appendages as natatory 
organs is generally reduced, and the abdomen itself is not humped 
Among the Anomura, the Thalossmidea (Fig 149) have retained 
the extended abdomen of the Macrurous groups, but the pleura 
aie more or less reduced, the Galatheidea (Fig 150) have the 
abdomen more or less closely flexed under the cephalothoiax but 
not greatly modified, the Pagundea, with the exception of some 
interesting transitional forms (Pylochelidae) (Fig 151), have the 
abdomen and its appendages more or less unsymmetrically developed 
and its somites imperfectly indicated In the hermit-crabs (Pagu- 
ndae and Coenobitidae) the abdomen is soft-skinned and spirally 
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Mmiida andariiaulLii (Galntheidne), abdomen extended 
(From Alcock, Naturalist in Indian Seas ) 
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coiled to fit into the Gasteropod shells inhabited by the animals. 
Only the sixth somite and the telson are fully calcified, the tergal 
portions of the other somites being merely indicated by widely 



Fjq 161 

Pylodidtix Mwntiv (PagurUlen). a, end view of the animal lodged In a tube of water-logged 
mangrove or bamboo, its clinlipods closing the opening The lower llgure allows the animal 
in a conventional attitude after removal fiom iba lefnge (Fiom Alcock, Naturalist in Indian 
Saut ) 


separated chitinous plates in the membranous investment of the 
dorsal surface. In the coco-nut crab Birgus (Coenobitidae) (Fig 
152), which has abandoned the use of a covering for the hinder 
part of the body, the abdomen, though short, is symmetrical 
and its terga are well calcified In the Lithodidae (Fig. 153), 
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winch afford a lemaikable instance of “convergence” in the assump- 
tion of the Bi achy u ran facies, the relationship to the hernnt-ciabs 
is shown by the fact that the short abdomen, which is closely bent 
up undei the cephalo thorax, hns the terga incompletely calcified, 
and is, in the female, more 01 less unsymmetiicul, bearing append- 
ages only on one side 

Among the Brachyura the abdomen is always closely flexed 
under the cephalo thorax, and is much 1 educed 111 size The shape 
usually differs much in the two sexes, being nairow in the male 
but broad and often excavated foi the reception of the eggs in the 
female The terga of all the six somites, as well as the telson, 
may remain distinct, but voiy often two or three of the somites 
may become coalesced, especially in the male sex 

In the region of the thorax a system of internal skeletal stiuctures 
is developed by mfoldings of the cuticle (apodemes) foimmg the 
endophragmal system In the Natan tia, with feebly calcified integu- 
ment, this system is but slightly developed, but in the Palinura and 
Astacura, and especially m the Biachyura, it attains a great degree 
of complexity A “sternal canal’ 3 may be foimed by the meeting 
of the sternal apodemes of opposito sides above the nerve-cord, and 
in the anterior part of the thorax this may give a firm plate or 
“ entostermte ” lying between the nerve-cord and the alimentary 
canal It is not certain whether this entostermte involves any 
elements other than those supplied by the ectodeimal and cutieular 
infold mgs forming the apodemes , if it does not it can hardly be 
regarded as homologous with the entostermte already mentioned 
in Branchiopoda (p 44), which appears to be of mesodeimil origin 

In the Brachyura a sternal canal is not formed, the union of the 
apodemes being confined to one or two of the posterior thoracic 
somites, where it gives rise to a transverse bar known as the “ sella 
turcica ” 

Appendages — Among the Docapoda the ocular peduncles (Fig 
154) assume more the character of limbs than they do m any 
other Crustacea, since they are geneially (peihaps always) divided 
into two, or more nuely three, movable segments Instances of 
extreme development of the eyo-Btalks occur among Candea and 
Brachyura, sometimes the first (Podophthalmns, Fig. 154, C) and 
sometimes the second segment (Mitci ophthulmus, Fig 154, D) being 
elongated. The comeal surface is geneially terminal, but may be 
oblique and even lateral, the peduncle running out beyond it into 
a styliform process which may equal in length the lest of the eye- 
stalk (Gcypoda^ Fig 155) In certain species of Gelasimus one of 
the ocular peduncles terminates in a long process of this kind while 
the other does not. In cases where the eyes aie atrophied, as in 
abyssal or cavermcolous decapods, the peduncle often persists m a 
reduced Btate (Figs 161, 162) 
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The antennules have the three segments of the peduncle always 
distinct) and as a rule both flagella are present. In many Candea 



C. 


C -- 




Oeular peduncles of DecApoda A, Ranlna mabra (Bracliviuai B Astacs finvinhh* 
2, Dl ], 



Fig 15a 


in \ natural ^tltude mltli the eyea elected, nhouimr the 
tyliform prolongation of the ouiUr peduncles (Prom Alcoch, Naturalist in Indian Seas*) ™ 


(Fig 156, A) the outer flagellum is bifurcated near the base, and 
m some cases the three flagella appear to arise separately from the 
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end of the peduncle The proximal segment of the peduncle, which 
m most cases lodges the statocyst, possesses in the Natantia a very 
characteristic expansion of its outer margin m the form of a rounded 
lobe 01 flpmiform piocess known as the stylocmte (sty) In the 
Bi achy 111 a the flagella are very short or quite vestigial, the basal 
segment is enlarged and generally firmly fixed in the antennular 
fossa, and the othei two segments fold up beside it 

Coitain special modifications of the antennules may be men- 
tioned hoi 0 In the Soigestidae the outer flagellum of the male 
is bifurcated and forms apparently a prehenaile organ In Hymeno- 
ccm (Car idea) the inner flagellum is broadly foliaceous In 
Solenoceni (Penaeidao) the same flagellum is in the form of a 




A, uiitH»mmli\ 11, imtmma, of Athnims lilfurnma (AfterSoia ) 1-0, Hegments of the peduncle 
(the fourth Hngmimt in Him peduncle of tlin antenna is not visible from above) , ex, "Beale" 
or oxnpodltn nf iintnriTia, i, lunui ilagHlhnn, n, outer flagellnm of antennule itb its inner 
branch boating nlliutory illnientH , d, statocyat in baaal aagiuont of antennule, sty, stylo- 
ceilto, /, tubercle bnuriug npm tin e of antennal gland 


half- tube onsheatlmig the outei flagellum and forming with its 
fellow of the othor side a long siphon supposed to have a respua- 
tovy function In AUmnm (Ilippidea), wheie by a rare exception 
only one flagellum is piosent, a respiratory siphon is foimed by the 
apposition of the two antennules, which bear each a double longi- 
tudinal row of setae 

In the lower Docapoda the peduncle of the antenna has five 
segments, tho two segments of the protopodite and the first three 
of tho endopodite, but the segments aie usually more or less 
displaced so as to articulate with each other in a zigzag manner 
(Fig, 156 , B) The exopodite (ex) forms a large foliaceous “scale ” 
(squama) in the Natantia In most Reptantia the number of 
peduncular segments is reduced by the fusion of the second and 
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bird, and the exopodito, when present, is often i educed to a spine- 
ike “acicle” In the Scyllandea the number of fiee segments is 
urther reduced by the coalescence of the proximal segment with 
,he epistome In the Brachyuia, the pioximal segment is only 
listinct in the Dromiaeea, in the other groups it is either fused 
,vith the epistome oi, peihaps, lepiesented by a small operculum 
Fig 147, B and C, /) which covers the external opening of the 
mtennal gland The cxopodite is absent in all the Bracbyura ex- 
cept possibly in ceitam Dromiacea (Homolodromndae), wheie an 
immovable spimform process is supposed to lepresent it. The 
flagellum is very short in most Biaehyiua and may disappear 
altogether In some Corystid.ie the two flagella form a long 
Lespiratoiy siphon in much the same way as the antermules do in 
Albunea In the Pahnundae not only the peduncle but also the 
flagellum is very stout, and in the Scyllandae the whole appendage 
is expanded and flattened, and the flagellum is represented by a 
broad, shovel-likc plate 

The mandibles never have a distinct lacuna mobilis, although, 
in some of the lower types (Atyidae), they may have a group of 
setae or spines on the inner edge The incisor is widely separated 
from the molar process in many Candea (Fig 157, A), but in the 
other groups the two cannot be distinguished or are separated only 
by a groove In some Candea the incisor process is wanting A 
palp of three segments is usually present, but the number of seg- 
ments is sometimes i educed, and among the Candea the palp is not 
unfrequently entirely absent either in isolated geneia ( Hippolyte , 
Palaemonetes) or throughout whole families (Crangomdae, Atyidae) 
In the Penaeidae the palp is expanded and lamellar, and apparently 
takes part in enclosing the respiratory passages 

The ma.nllulae (Fig. 157, B, and Fig 9, B, p 13) have two in- 
wardly turned endites, and a palp which is sometimes divided into 
two, and even, in some species of Pe miens (Fig 158, A), into three or 
four, segments An outwardly turned plate (eP) dnectlv connected 
with the proximal endite, and having the same relations as the 
large external plate of the maxillula of Euphausiacea, can some- 
times be observed, but only exceptionally [eg Candma) is it of 
considerable size The chief difference from the maxillulae of the 
Euphausiacea consists m the absence of a distinct second segment, 
which here appears to he fused with the first 

The ma.nl/ae are closely comparable to those of Euphausiacea, 
though the relative proportions of the parts are very different In 
the typical foim such as we find in the Crayfish (Fig 9, C, p 13) 
the two endites are each divided into two hy a deep incision, there 
is an unsegraented palp, and a veiy large lamellar expansion on the 
outer side to which the name scajJwgnaihzte is given According 
to Hansen, the two bifid endites anso here, as in the Euphausiacea, 
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from tho second ancl third segments of the limb Coutiere, how- 
ever, states that in some primitive Caridea the double proximal 



Fin 107 

Mouth parts of JVciiclfcIirit Immnlla (Carlden). (After Bars) A mandible, B, maxillnla, C, 
maxilla, U, Hist niuxllllpod , B, HBOond maxillipeil e, proximal eudlte of maxilla (accord- 
ing to Boas, tlm enuill distal lobe alone represents the endite and the large proximal lobe does 
nob ropiDHiinl tbo pioxinial division of the endite In other Decopoda) , en, endopodite, ep, 
Hpipoditn , an, oxopodlle , i t incifior process , m, molar process of mandible , mb, mnstlgobranchla , 
j>, palp . podnbmnchla , w , siapbognatlutu of maxilla, *, lobe on exopodlte of first masdlllped 
oburaLlorlKtlc oFCnrldea 
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A, ltmxlllula of Pentium mmmoUs , 1-4, palp of four segments, ear, evite connected pith 
proximal endite B, first maxllllped of same , 1 6, endopodite of the segments , ep, epipodlte , 
ijj, nxopodittt (Artcr Boas ) 

endite can be seen to belong to the first segment, and that the 
other two lobes are independent of each other, belonging respectively 
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to the second and third segments The scaphognathite has been 
variously interpreted as an epipochte or as consisting of epipodite 
and exopodite together A comparison with the maxilla of the 
Euphausiacea shows, however, that it must be regaided as an 
extreme development of the plate whicl^ in the latter ease is 
identified as the exopodite 

The modifications which this typical form undergoes within the 
Order are not very striking nor do they affoid much material of 
systematic value An undivided proximal endite is characteristic 
of the Caridea, in which group (with some few exceptions) it is 
also greatly reduced in size (Fig 157, C) In the Pasiphaeidae 
both endites disappear 

It is characteristic of the Decapoda that the fiist three pairs 
of thoracic limbs are more 01 less distinctly differentiated from the 
others as maxillipeds It must he noted, however, that the line ot 
demarcation between the two groups of appendages is not always 
sharply drawn, and that in the Penaeidea and Candea the third 
maxillipeds are often distinctly pediform 

In all Decapods, however, the just mcmlhped (unlike the 
corresponding appendage of the Euphausiacea) has completely lost 
its pediform character. The endopodite is greatly reduced in size, 
and the coxopodite and basipodite are produced inwards as broad 
endites of which the proximal is often divided by an incision. 
The most primitive condition is found in certain Penaeidae (Fig 
158, B), where the endopodite presents the full number of five 
segments In othei Decapoda the number of segments is never 
more than two and the endopodite is often unsegmented The 
exopodite is always present, in the Caridea (Fig 157, D) it 
piesents a characteristic lamellar expansion of its outer margin 
(lobe a of Boas), the narrow distal part corresponding apparently 
to the flagellum, which in the higher forms is segmented off from 
the peduncle and may be divided into numerous articulations 
The epipodite is rarely absent (eg m many Anomuia) and is 
especially laige in the Brachyura (Fig 159, A) 

The second miulhped depaits less from the general type of the 
thoracic limbs than does the first The proximal segments are not 
produced inwards as distinct endites The endopodite is relatively 
short, permanently flexed inwards, and its distal part is commonly 
more or less flattened. 

In the family Stylodactylidae (Caridea) the second maxillipeds 
appeal’ to present an anomalous structure, two terminal segments 
articulating side by side on the end of the fifth segment In the 
great majority of the Caridea (Fig 157, E) the terminal segment 
articulates, not with the distal end but with the inwardly turned 
(morphologically the outer) margin of the preceding segment The 
number of distinct joints is not infrequently reduced by the fusion 
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of the basipodite and lachiopodite The exopodite is rarely absent 
(SergestidaOj Pasiphaeidae), and is often divided into a peduncle and 
a raultiarticulate flagellum 

The thud maxUh/pcd may, in the Natantia, eveh exceed in 
length the next succeeding pair of appendages The coxo- 
podito and basipodite are almost always connected by an im- 
movable articulation I11 the Candea the ischiopodite is ijuite 
coalesced with the meropodite, and the dactylopodite is obsolete 
or coalesced with the preceding segment- A serrate ndge or 
u crista dcntata ” (Fig 147, A, mxpfi) ib commonly present on the 
third segment, but no endites are developed from the first and 
second segments Among the Brachyura (Fig 147, B, C, mxp*) 
the third maxillipeds becomo greatly modified to form an oper- 



A, (lrst, H, third lnaxilliptHl of Ni jitnnva pUnpit'ua (HmtUyura) (Affcei tie Hnun ) 
tii, eudopodlto , ujj, eplj)oditG (inaRtigobranLMft) , cx, exopodite. 


culum to the buccal frame and entiiely lose their pedifoim char 
acter The ischiopodite and meropodite becomo broad plates anc 
the teimmal three segments are often hidden behind the meropodite 
The peduncle of the exopodite may also ho expanded and shari 
in forming the operculum Its terminal flagellum is either foldet 
out of sight or may be entirely lost. The epipodite forms a lonj 
curved blade in most Braehyura (Fig 159, B, ep) 

' The remaining five pairs of thoracic appendages (peraeopods) ar 
typically ambulatory legs, composed of the usual seven segment* 
Exopodites may be present on some or all of them m some Penaeide 
and Candea (Pasiphaeidae, Fig. 160, Hoplophondae, some Atyidat 
and Crangomdae), but elsewhere they me wanting As a rule on 
or more pairs me chelate or sub-chelate, except in the Scyllaride 
(where, however, the last pair are imperfectly chelate in the femal 
sex) and in some Hippidea The first three pairs are chelate i 
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most Penaeidea and m the Stenopidea and Astacuia (Fig 161), the 
first four 01 all five pairs in the Eryomdea (Fig 163), the first two 



Fig 1(10 

Psatlnj) ocai nfivullnt (Pasiphaeidae), showing the greatly developed o\opodlt«s of tlie thoinui 
lege (ft 11 Sclnzopod " character) and of the pleopods (After Alcoch 
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Nephropsis tarjmiten (Nephropsidae), $ A deep sea apeciea In which the eyi a have almost 
disappeared but the vestigial eye -stalk can he Heen below the rostrum (From Alcock, 
Naturalist in Indian Seas ) 

in most Candea, the first oi the fiist two in Thalassimdea (Fig 
149, p 260), and the fiist pair only m the other Anomura (Fig 150, 
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p 260 ) und the Biachyura In moat Anomuia the last pan, and in 
a few Brachyuia the List or the last two pairs, are subchelate A 
very rommkablo form of chela is found in the genus Pmlidopus 
(Candea) (Fig 163 ), 111 which 
both fingets aie movably aiticul- 
ated with the propodite, an 
arrangement resembling that 
found in the second maxilhped 
of Sh/lodactyluh 

In most of the Eeptantia, 
wlieie the fust pair of legs aie 
chelate and much laigei than 
the otheis, they aie commonly 
lefeired to ns the chehpeds, and 
the following four pans are 
distinguished as walking-legs 
Frequently the cholipeds ate 
asy mine tn cal in size and shape 
011 the two sides, the huger 
chela having the fingeLS aimed 
with blunt crushing -tubeicles, 
while the smallci lias sharp 
cutting- toe bli In many cases, 
as, foi instance, in the lobster, 
the largoi cruslnng-chola may 
be on the right 01 the left side 
liidilferontly, hut 111 some Bra- 
ehyura it is constantly on the 
same side of the body A 
curious loveisal of asymmetry 
sometimes occurs as a lesult of 
the loss of the larger chela , at 
the next eedysis the remaining 
chola assumes more 01 less com- 
pletely the choi actors of a large 
crushing- chela, while the re- 
generating limb Inis the form 
of a small cutting-chela 

A modification of some of iiijtu (Ei>oniri<«) Tim vwti- 

^ tflal nyn MtftlkH arn llxerl In notclinrt hi tlin fount 

the logs as swimming- paddles or tlui imiLjinon (Fiom Alouck, Naturalist in. 

0 jr , Indm nScua) 

occurs in various groups, for in- 
stance, in the Portumdae (Brachyura), where the last pair are so 
modified In some Natantia and in one genus of Hippidea one 
pair of legs may become multiarticulate and flagelliform This 
modification occurs especially in the second pair of many Candea 
(formerly grouped together as Polycarpmea) (Fig 148 ), wheie the 
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carpopodite and sometimes also the meLopodite and ischiopoclite 
are subdivided into small articulations 



While m the Natantia, with few exceptions, all the 
merits of the limb are distinct and movable, among the 


seven seg- 
Reptantia 


% 


k 


* 
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tins is only the case m the Eryonuku In the AhUcum tho 
first pair, unci in the remaining Itoptantin all the five pans, of 
legs have the basipodite and ischiopodile lniiuoMibly united 
Pol haps con eluted with this fusion is the presence of a “fineliuo 
plane ” m the basipodite, at which separation of tho limb takes 
place in aulotomy in many lioptantin 

In a few Deeapoda somo of the legs become quite vestigial or 
even disappear altogcthot In the Seigostidao tho last two pairs 
are loducod, and m Aietes the last pair and in Lructfcr tho List two am 
quite absent In the Pin noth endue (lit achy lira) tho last p.iii may 
be mdiraontary or absent In many Crangonulao the socoinl pail are 
a mallei than the othois, and m Pinncutnijmi they disappoai entirely 
This case is especially noteworthy smeo the suppression of members 
of a mcnstic seues raiely occurs except at one end of the senes 
The epipodites and associated stiuctuies of the thoracic limbs 
will be desenbed below m connection with the bianclnal system 
The pleopods of the Deeapoda present typically tho same b tincture 
is those of the Euphausiacea Of tho two sogmonts composing tlio 
□rotopodite the fhst is usually small, often apparently absent, the 
lecond elongated and often stout The two 1 <um may lie multi- 
uticuhite and Hagelhfonn, more often flattened and unsugmontod, 
md bear a marginal fringo of natatory aetao. Tho ondopodilo may 
>ear on its inner margin an appendix wfenw tipped with a group of 
oupling-hooks 

It is interesting to note that tho Poimoidoa and Stonopidcu, 
dncli, on the wliolo, take the lowost plnco among the Decapods, 
ovei possess an appendix interna (oxcopt 111 so far as an element 
enved from it may possibly shave in forming tho copululnry 
ppendage on the first pair of pleopodb m tho undo), tliougli the 
tesenco of that oigan m tho Loptostraca, Euphausmcou, and 
fcomatopoda shows that its possession must lie reckoned a 
mutive featuio among the Mulacostruca 
Tho pleopods ure most stiongly dovolopod in tho Natantiii, 
here they form tho chief swimming-organs I11 tlio lvoplantia the 
,tatory function is loss important and the pleopods aio gonorally 
ibler, though in some fossorial Tlulossmidea they are of oonsidur- 
lo size A11 appendix mborna is wanting except m some Tliuhis- 
ndea and 111 the ticylluridoa, whore tho ploopotln aio peculiarly 
idified In tlio Anomimi, oxcliuhng the Tlwilasflinidon, the 
fc opods are generally fooble, often umramous, and are sometimeH 
3 ent from the fust sonufco, as they are also m tho fcjcyllaiidoit 
1 Pamstacidao They are absent altogether m the males of 
ppidea, Lithodidao, and of somo other Pngundea, when present 
tho Pagundea, thoy aro, as a rule, developed only on ono side 
the body and an appendix interna is sometimes prosont. In 
Brachyma the first and second pairs (which are specially 

iS 
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modified, as described below) alone persist m the male, while m 
the female the second to the fifth pairs are (with rare exceptions) 
developed as egg-carrying appendages, with short protopodite and 
long and slender rami , the first pair are absent in the female ex- 
cept in the Dromiacea In Callianidea (Thalassinidea) the rami of 
the pleopods are fringed with long filaments, apparently bianchial m 
function , this isolated case forms a curious parallel to the develop- 
ment of branchial filaments on the pleopods m the Stomatopoda 
and m Bathynomus among the Isopoda 

Sexual modifications are commonly presented by the pleopods, 
most constantly by those of the first and second pairs, which m the 
male assume a copulatory function In the case of the first pair 
the difference may be slight, as in most Candea, where the endo- 
podite is reduced to a small leaflet, differing more or less in shape 
in the two sexes, and m the male armed with a group of coupling- 
hooks In the Penaeidea the first pair of the female have the 
endopodite small or wanting , in those of the male it is repi esented 
by a membranous plate, often of large size and complicated struc- 
ture, attached to the inner side of the peduncle, and bearing (as in 
the Candea) a group of coupling-hooks which mtei lock with those 
of the other side To this apparatus the name of petasma has been 
given by Spence Bate In the Reptantia the appendages of this 
pan are never biramous. In the female sex they are greatly i educed 
m size or altogether absent. Occasionally they are absent in both 
sexes (Parastacidae, Scyllaridea, some Pagundea, and Hippidea), 
but more commonly they are developed in the male into copulatory 
appendages, usually styliform, with a spoon -shaped or tubulai 
terminal part In some Thalassinidea ( Upogelia ), by a rare excep- 
tion, these appendages are present (umramous) in the female but 
absent in the male sex 

The second pair m the female sex are almost always similar to 
those which follow In the male sex, however, this is rarely the 
case (some Scyllaridea, Parastacidae, Upogebm) As a rule, they 
are modified by the development of an accessory process, the 
appendix masculina (Boas), from the inner edge of the endopodite 
This appendix is small in the Periaeidea and Candea (in which latter 
it may coexist with the appendix interna), but m the other groups 
it increases m importance, the terminal part of the endopodite 
diminishing, as does also the exopodite, until in the Brachyura 
(and some Anomura) there remains only a styliform appendage of 
two segments, the proximal representing the protopodite and the 
distal the endopodite together with its appendix masculina. 

The wopods retain in the Macrurous groups the general 
characters of the candoid type, having a short protopodite and 
broad lamellar rami, forming with the telson a tail-fan. As a rule 
the exopodite is more or less distinctly divided by a transverse 



THE DECAPODA 


2 75 


jomt, and very rarely as m Laomcdia (Thalassmidea) the endopodite 
is similarly divided 

Among the Anomura the uropods are variously modified In 
the Galatheidea they retain more or less the type of structure 
which they showed among the Macrura In most Paguridea they 
become modified as oig.rns for fixing the posterior cud of the body 
in the shell or other lodging earned by the animal, the rami are 
stout and cuivod, with loughened, “file-like” surfaces which aie 
prossod against the shell, and the appendages of the two sides slime 
m the asymmetiy of the whole abdomen In the Lithodidae alone 
among Anomura the uropods aie wanting This is all hut 
universally the cose also among the Bracliyum, where only in 
certain Dronuacea (Dromudea) aie there found traces of uiopods m 
the form of small plates intercalated on each side between the last 
abdominal somite and the telson 

Jimnehml Sustain. — With the single exception of the aberrant 
genus Lencifer , .ill Decapoda possess bianchiae connected with some 
or all of the thoracic somites and lying m the cavities enclosed by 
the hianchiostogites on each side The typical number of branchiae 
which may be present on each side of a somite is four, arranged as 
follows One is attached to the lateral wall of the somite dorsal 
to the articulation of the appendage ( pleurobi anchia ), two to the 
articular membrane between the coxopodite of the appendage and the 
body-wall (ai throb anchiae), and one, lepresentmg a differentiation 
of part of the epipodite, is inserted on the coxopodite itself 
(podohanchm). 

Four Bones of gills corresponding to these can he traced in a 
more or loss incomplete form throughout the whole series of the 
Docapods. They nro, however, not invariably distinguished from 
each other by the position of attachment in the manner just 
described. In particular, the distinction between arthrobronchiae 
and pleurobranchiao is often very difficult to draw in practice, 
and thore are some cases where an arthrobranchia m one species 
is plainly homologous with a plourobranchia in another. , Claus 
luus shown that m the development of Pcnacus three bud-like 
outgrowths appear on the proximal part of most of the thoracic 
limbs (Fig 164, A) The distal one (a) gives rise to the epipodite 
with its podobranchia and the two othors (b, c) are the arthro- 
branchiao As development proceeds an apparent change in the 
position of these lost is brought about by coalescence of the proximal 
part of the appondago -with the body, so that the branchiae no longer 
appear as outgrowths of the limb but spring from that part of the 
body-wall which afterwards forms the articular membrane of the 
jomt The plourobranchia appears a little later than the other two 
(Fig 164, B, d\ butitB place of origin is very close to if not actually 
on tho basal part of the limb itself. Williamson has observed a 
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, t nf tlifl frills fiom tlio lnnl» to tint both -w, ill in 

rtvlT" oXn ^o,), .in, l Houvioi' in U^ln, 
fGalatheidla) Claus concludos fiom those o1>mt\, items tli.U, not 

only the podobranchiae but also the at thro- .uul pirn, lunc 

orioinally appendages of tbo limb 11m uI.mm plinn of lln 

tfthe limb into the body-wall of 

view of Hansen's recognition of a pio-coval clement m tin a[i- 
nendaees of varioua Crustacea 

V The ongin of the podobranchiae by dillomitintinn pail, ol 
the epipodite is also clearly shown m the development of /'own* 
The most distal of the three outgrowths montioiiod above mulv 
becomes hilobed The distal lobe, which lies in front of the 
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Two stages in the de\eIopment of tlio branchial HyHU'iii or (Alim Ulmm ) A.imh 

stay®. B, later stage alter appearance of the millmmitH nl plimrnhmin blue m */* l -»i </» 
maxlUlpeds, Z^-Z 5 , leas, a , distal aeries of rudimeutM giving i!hm to iiihhI I golnain lilun mid 
podobmnchla (on mxp *) , &, c, rudiments of anhiolniiiirhlitn , (/, i ml liiinul h nl plniimlimni lilim 
In B tlie distal rudiment on inxp% la dividing Into podohrunUiln, (/> h) amt iiuwUgoliiaui lila ( mhj 


proximal one, develops in the case of the bocoikI nmxilliped (l*V 
164, B, mip-) into the podobranch (in the other appendages it 
disappears), 'while the proximal and postonor lobe becomes the 
epipodite oi mashgobi anchut of tho adult, a lnlnlmd membranous 
lamina which extends upwaids into tlio branchial chnmbei between 
the gills On the first pair of maxilhpods the disl.il lobe runums 
simple and peisists as the distal part of tho laminar epipodite of 
the adult. It is remarkable, however, that m the only hlhoh hi 
which the epipodite of the first maxillipcd develops bi.uioliial 
filaments (in some Parastacidae), those are borne, not by the <1 ih1.uI 
part which appears to represent the podobmnchla, but by the 
proximal division 

In most Reptantia the podobranchiae have a similar rotation, to 
the mastigobranchiae to that just deacnbcd m PenaeuH. In the 
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Aslacidac, however, tlio axis of tlio gill coalesces with the mastigo- 
branchiu, which has the form of a folded membranous lamina from 
winch the branchial filaments spimg dnoctly In the Parastacidae 
tins lamina is gioatly reducod or disappears. 

In the Candni, the mastigobi .an clime, when present, have usually 
the form of short cm veil rods, dnectcd backwards, each ending in 
n hooked process which grasps a tuft of long slender sotae on the 
covopodito of the nc\t succeeding appendage This tuft of setae, 
which ir also piosont m some iteptantm, spungs from a small 
papilla which Continue hafi compared with the sefciforous opipodml 
process found m Chmthophaum (MyRidacea) (Fig. 106, t]\ p 176), and 
which he regal ds as a distinct element of the branchial system 
[setobnmchni of Tlorradailo) In a species of Eumaxim (Thalas- 
simdoa) Conticrc has found that the coxopodite of the first leg 
hoars tno podohianchiao, one attached as usual to the base of the 
niastigobnuiclna, the other closo to, if not actually inserted on, the 
■•otobiaiichiu In no othor Decapod is more than one podobrancliia 
Found on any limb 

As logaids their stiucturo, each bmnchia. consists of a stem or 
ivir uhieh is attached at or near one cud and bears numerous 
laloial branches According to the form and arrangement of these 
latter, three main types of gills have been distinguished, which, 
how evtn , are connected by intermediate forms In the tricho- 
'nvitehwtr typo (Fig 165, P) the branches are filnmontous, and aie 
niangod in several soriofl mound the axis In the phylloln anchtate 
L ypo (Fig 165, C) the bianchos are flattened laminae, and as a 
■iilo only two opposite senes aro prosont The dendroid ciiichiate 
,vpo (Fig 165, A) is characLonsod by the fact that the bisenal 
iriin.uy branches aro themselves lamified, sometimes in a very 
•omplov fashion. The (loncliobranehiato typo is peculiar to the 
l , cnaoiMea, but each of the othor two types recurs in widely 
.oparatod groups. Thus the Candoti have phyllobranchiao, as 
iave also all the Thachyura, with the exception of somo of the 
Mirmtive I )romi;icon, which have trichobranchino. Tlio fetonopidea, 
’ill mum, and Ahtacuva have tneholminchiao Among the Anomura, 
iliyllnln anchiae aro tlio rule, but Aeglea among the Galatheidea, 
mil the Fylocholid.io, with Koveval genera of raguridae among the 
*agm idea, have trn hobi anchiae, and the gills of some Thalassimdea 
ire intermediate in cliaractor 

In the number and arrangement of the gills very great diflor- 
.uecs ovist, which nltord valuable systematic characters At the 
anio time, the important divorgoncos sometimes pieseutcd by 
lonely allied forms render it necossary to use caution in estimating 
he value of these characters (compare, eg., Candina and Limnocaii- 
Jiniij or Ptnirhilns and Pandulimi). The last thoracic somite is 
availably destitute of mastigobrnnchin, podobrancliia, or arthro- 
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branchiae, though it may carry a plourobmnchm and a wtohiMinslii.i 
As a rule no gills are present on the first thoracic .somite, but 
in some Penaeidea, Stenopidea, Astnciua, .iml Tluljmsiiinlcsi, .1 
minute arthrobranchia (? pleuiobranchia) is present, while m sumo 
Parastacidae the epipodite beais some branchial filaments and is, in 
fact, a rudimentary podobianchia 

On the remaining somites the pod obi am* hue am the most 
frequently suppressed. It is cbaiactonstic of the Seylhi idea and 
Astacura that they possess a full senes of podohninclmm, and loss 
complete senes are found in the moio primitive Ponaoidoa (Cmabi- 
spinae and Ansteinae), in the Eiyonuloa and some Tlulassimdcu, 
and in the pnmitive Homolodromndao among tlm Dmmmmi In 




branchiate tvpe ( l./aoH* /hu-/aw£). C? pnTiVoAwVdI'KfLii ) , M - V J* »'« 

channels in ails of branch la. * 1 J ruouiailc ^liiwi t) pn (i aim mini lai) /. , , 


all other Decapods they are absent from the logs and. ov.-m.t in 

rach J Ura ’ ir ° m the t] ™ d = though not uncommonly present. on Urn 

branchial and 'setr^ii ^ th ° l' odol ™n*U the muHligo- 

series Tsuef Ilf ? P m?' St 1,1 a mot ‘° w 

to extend Ww the Candea The plourobr.uiclnao are laod 

Caridea, and to that of the^sTconcfm^thf pi ™7. lll ' 1 T 1 1,1 H0,,,u 
be noted chat thA rlicti i I ouncidao , but it must 

u b rr , p o, T «*hn»lmi B ol,uu, 

obscure They form the rh / of tJ ie branchial oliamhor is often 
-here five are Si te 2 ? tho ^ridon, 

quite wanting in mostof the Th!l ’ ° n 1 ^° °T llel ’ ' hiin<1, t,u *y -wo 
formula of nine b “nchiae ™ ‘ In the lhueliyum , v 

divisions j but while it is n ra !f n^° 1S ^ ound 111 ad dm nuin sub- 
16 14 18 P^dcally universal in the Oxyrhyndui 
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and in those families of the Brachyihyncha formerly grouped 
togethei as Cyclometopa, it suffers reduction m many of the Gato- 
metopa, especially in terrestrial and parasitic forms, and m the 
majority of the Oxy stomata 

The table on p 280 gives the branchial formulae m a senes of 
representative forms 

The arrangements for maintaining a current of water through 
the bianchial chamber and for preventing the ingress of foreign 
pai tides are very varied and often complex The branchial 
current is caused by the vibratory movements of the scaphognathite 
or exopodite of the maxilla, and as a rule it sets from behind 
forwards, though it appears that m some cases, especially in 
Decapods which bunow in sand or mud, the direction of the 
current is periodically reversed In the simplest cases, as in most 
of the Macrurous groups, the water enters along the lower margin 
of the branchial chamber, which is protected by setae, and in par- 
ticular by those of the setobranchiae The exhalent current passes 
out at the sides of the oral region m front. This arrangement is 
modified 111 the Brachyura by the free edge of the branchiostegite 
fitting closely to the bases of the legs on each side, only leaving an 
aperture for the ingress of water m front of the base of the cheliped 
This aperture is provided with an opercular valve formed by the 
base of the long epipodite of the third maxilliped. These arrange- 
ments may be further complicated in various ways, especially in 
the case of burrowing forms The exhalent passages, which in 
some cases may by reversal of the current become inhalent, are not 
unfrequently prolonged towards the front of the head by the apposi- 
tion of various appendages. In many Penaeidea the lamellar 
mandibular palps, the antennal scales, and the antennular peduncles 
co-operate to this end , in the Brachyura and some Anomura the 
flattened third maxilhpeds carry the exhalent channels at least as 
fur as the anterior margin of the buccal frame , the flagella of the 
antennules in some Hippidea and of the antennae in the Corystidae 
form a long exhalent (or inhalent) siphon , and in the Leucosiidae 
among the Brachyura the inhalent as well as the exhalent channels 
are carried forwards to the front of the head beneath the expanded 
maxilhpeds Some special adaptations for aerial respiration will 
be described below in connection with the circulatory system 

Alimentary System — The stomodaeal c< stomach ” of the Decapods 
is developed into a triturating and straining apparatus of great 
complexity The simplest form of the gastric armature appears to he 
found in the Pennoid genus Ceiatasjpis (Fig 166), recently studied by 
Bonnier Hero the chitinous lining of the stomach, although pro- 
vided with numerous internally projecting ridges armed with setae 
and spinules, is nowhere indurated or calcified to form distinct 
sclerites such as are found in other Decapods, and in so far it 
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resembles that of many of the moio pimntive Malacostraea. A 
deop transverse infolding of the dorsal surface, 'which marks tho 
division into the larger anterior or cardiac and the smaller postenoi 
pyloric chamber, is produced internally into a strong median tooth 
(in.t) The floor of the cardiac chamber presents internally a median 
(mi) and a pair of latoi al (/ ? ) longitudinal ridges defined by deep f old- 
mgs of the cuticle and representing elements which m other foims 
become calcified sclentes , just above these on each side are series 
of stout denticles (d), of winch a posterior group in the vicinity of the 
“median tooth" appear to correspond to the “ lateral teeth ” of other 
Decapods The pyloric division 1ms its lumen greatly reduced by 
mfoldings of its walls, and may be legarded as being divided by a 
longitudinal fold (?) on each Bide into a dorsal and a vential portion, 


card 
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DlHHiiclInu or Hi ft Htonuicli of ( r rttfiis/tjH uunint, ' ' - - card, cardiac 

chnnilmr , d, lateral iluiiLk l<m , f, terminal luppntH ,> lutnral ridge . 

J" r, ,. nil ' l J ln, 1 l 'initml ridge or uinllun (IiaiiiIhu , m , chamber f i * 

Jrmyltinlhjnl i iilgo Hopmutliig cIoihiiI and \ mitral dlvInioiiH of pyloric Uiamber , w , wedgo- 
riliaitud mlge with Htnilnhig apparalim (After Uoiinloi ) ’ * b 


of winch the former is ji diroefc continuation of tho cardiac chamber, 
while the latter is a diveibiculum closed in fiont and communi- 
cating with tho dorsal chamber only by a narrow slit between the 
sotose margins of the longitudinal ndges Tho ventral chamber 
lus its cavity again divided into two portions by a stiong median 
wcdgo-shapcd ridge (w) which usos from its floor and is produced 
posteriorly into a tonguo-liko piocess overhanging tho apertures of 
tho hepatic ducts into tho nnd-gut The lateral surfaces of this 
ndge are provided with a characteristic armature which seems to 
act as a straining apjmiatus , it consists of numerous parallel plate- 
like ridges running longitudinally and standing at right angles to 
the surfiico, each beai ing on its edge a comb-like fringe of setae 
ly ln S parallel with the surface and covering m tho groove lying 
between each ridge and the next This wedge-shaped ridge and 
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straining apparatus appear to lie very constant throughout the 
gioup, and are no doubt homologous with the very similar «ti ucLiuvs 
found m other orders of Malacostraca. At its pnsionor end tho 
chitmous limng of the stomodaeum terminates in four tongiuvlihu 
lappets (/) (much elongated in Fernetis) which piojoct frooly into tlio 
cavity of the mid-gut. 

In the other Penaeidea the stomodaeal ai mature is much more 
complex than that just described A large nmnbei of scion Los, 
mote or less calcified, are differentiated in tho walls of both cun lino 
and pylonc chambers A doisal and a ventral series can 1m dis- 
tinguished, the dorsal and dorso-lateral pieces of the cardiac chamber 
being in relation to the strong median and lateial tooth Prom 
this arrangement of the parts found in the rouacidoa, that charac- 
teristic ot the Reptantia maybe easily denvod, tho chiof dillbmices 
being due to the appearance of additional scleritcs, and ospocially 
of a senes of intermediate pieces on tho lateial walls of tho two 
chambers The elements of the dorsal series arc tho muro import ant, 
foiming as they do a system of levers moving tho dorsal and lateral 
teeth 


The great majority of the Candea diverge moro widoly from 
the Penaeid type owing to the disappearance of tho whole of tho 
dorsal senes of sclentes and of the dorsal and lateral tooth associated 
with them, the roof of at least the cardiac chamboi remaining nuiiu 
° nl \ tb ? A y idae a » d one or two others amcmg the 
e *™ ed Possess cm faun elements of 
the dorsal senes well developed, but they are differently umu-ctl 

from those of the other Decapods ,y n 

^ entl0n T U V] a T de here of the g^trohths or “crab’s eves” 
hich are discoidal calcareous nodules in the lateial walls of tlio 
cardiac dms.onof the stomach in Crayfish (Ifa i 

szz - 

but exact ob^iVatSns ^veTe^ ml^onl 1 " Docft l )0<lil ' 

the Crayfish (Astacus) it , ° nly 011 a tev ‘JT* In 

lappet which terminates^ the “r ," 0 ^ Sh ° rt ’ 80 that ih(i 

extends through it into the beginnm* of'^ho^ f 0modaoUm 
most, if not all firarhrnm ° n - & ot the proctoduouin, In 

(Homa.m), howler, it oTmoL^fi? 0 'll 7 *)° Tt 1,1 tbu Whiter 

of the alimentary canal In spedLnf^ f tbe POSt-gHStnc part 
gut extends as far as the last * f ph T (Candea) the mid- 

than the proctodaeum. From the' T m ^ c ^ vnstcs it 1H longer 

° m the U PP 01, stufaco of tho mid-gut 
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ire arises anteriorly in Astacura and most Thalassmidea a short 
paired caecum In CallKMuissa among the Thalassmidea and in 
►at Pagundea a pair of longer or shorter caeca are present, and 
most Brachynra they form two long and convoluted tubules In 
5 Caridea and Galathaeidea and in Pagimstes (Pagundea) no 
>ca are found Ihomia possesses a single short caecum, and so 
ombles the Astacura and diffeis from the other Brachyura. 

An unpaired caecal tube of considerable length springs from 
3 dorsal surface of the intestine in the Brachyura, and a shorter 
*cum is piosent 111 the Lobster, in the Thalassmidea, and in some 
gundae It is probable that in all these cases the caecum arises 
m the posteiior end of the mid-gut In Alpheus, according to 
utu s re, the mid-gut is produced backwards beyond its junction 
jIi the narrower lnnd-gut into a number of blind saccules 
Groups of gland-cells on the walls of the oesophagus, on upper and 
fer lips, and on the maxillulae and maxillae, have been regarded 
salivary glands Quite similar glands, however, may occur through- 
, the whole length of the hind-gut also, and they are identical in 
ucture with tho dermal glands which occur in various situations 
the surface of the body. 

With the singlo exception of Leucifw, which possesses only two 
rs of hepatic caeca, the voluminous “ liver ” of the Decapods 
isists of a mass of minutely ramified tubules, lying mainly in the 
)i‘,ix It communicates with the anterior part of the mid-gut by, 
a rule, a single duct on each side, but in Alpheus (Couta&re) three 
2ts are present. In Paguridae the hepatic glands are displaced 
ik wards, and lie for the most part in the abdominal region 
C11 culnioiy System — The heart m all Decapods is short, 
ygonal 111 outline, and situated under the posterior part of 
> carapace As a rule there are three pairs of venous ostia, 
which one, or in the Bracliynia two pairs are situated on the 
ior surface Couture has domonstiated the existence of two 
htiomil pairs in certain Candea, and possibly further research 
1 show that those are prosent in other oases 
Anteriorly the heart gives off a median ophthalmic artery 
ich runs forward to supply the region of the eyes. On each 
3 of this onginatos an antennal artery, which, besides supplying 
antennae, sends branobes also to the rostrum, eyes, and adjacent 
■ts In jtbtacAix, Bouvier finds that terminal branches of the 
Gtinal arteries unite in front of the brain in a median vessel 
icJi runs backwards to anastomose on the walls of the oesophagus 
h branches of the sternal (subneural) artery — an arrangement 
ich recalls the circumoesophageal vascular ring of some Isopoda 
l Amphipoda A second pair — the hepatic arteries arise from 
sides of tho heart a little way behind the antennal arteries, 
[ aro distributed to the hepatic glands and adjacent viscera 



2S4 


THE CRUSTACEA 


Posteriorly the heart sends off a median vessel, the Miponor 
abdominal artery, while the unpaired descending aiteiy (some 
times called the sternal aitery) may arise sopuiatuly from tlm 
heart (Brachyura) or may branch oft Horn the superior alidoiiiiiia! 
artery just beyond the valves which mink its origin (mm (lie 
heart 


The descending artery passes on one side (either to right 01 loft) 
of the intestine and pierces the ventral neLVo-cham 111 nearly all 
Decapods, passing between the connectives uniting the sixth and 
seventh thoracic ganglia. Only in some of the Bnirhyui a, whom 
the concentration of the nervous systom machos its highest point 
(Oxyrhyncha and some Brachyrhyncha), this porfoialion ot (he nei vr- 
mass does not take place, the artOLy passing behind instead of 
through it On arriving at the ventral siuface the aitery Infill cutes 
m the median plane, a large branch, to which the name of ntei nal 


artery is commonly applied, running forwards to supply the um( ml 
surface of the thorax and its appendagos, while a smaller Inaneh 
running backwards also beneath the neive-cliain is the inferior 
abdominal artery (absent only in Pagundea). Those two ai tones 
taken together form a median longitudinal ti 1111k quite tom parable 
to the subneural vessel of Isopods, and, like it, may comm1111ie.il 0 
with the dorsal system of vessels by a circumoosophagoal mm 
A further communication is very often present at the postenoi emi 
0 the abdomen, where a vascular ling oncnchng the intestine 
unites the superior and inferior abdominal artonoH A pair of 
posterior lateral arteries arising from the superior abdominal 
artery near its origin from the heart, and often uiwyimnoti ically 
dex eloped are of importance since they irrigate the branch io.st.ogid 
egions of the carapace which have a respiratory function 

A venous sinus in the mid-ventral line receives the blood from 

t ot bodj ' " n<i »'»i 

t to the trills, whence it is returned to the pericardia] Hums liv 
branch.o-pencatd.al channels running m tho inmu- wall 7 t lm 
branchial canty A minor circuit for the blood is allbrded l.v the 
nTtl’r r f netWOr ^ of the branchiostegites, which, rocoivm^ b],.od 

ss itTrecr7 3 th: nd part ; y h r ^ 

In terrc-tnnf n P encaK ^ nm by special channels 

adapted to a terrestrial hfp (pJ n i In t ! ll, 1 R0 mohl (, 0 , »l»totoly 
of the branchial cavitv is vpv 7 tllu hning moinlimno 
'illi The supply of fe ius hir? /, * ,ld C ° V01 '° (l wlLh «•»»«■*> 
stegal regions « ~ U 7 t0 th ° 011111803 of ^ l.r.mehio- 

aquatic Decapods and thT * 01 ^ 111 aild m01 ° tlnui m 

lung l n the teLst ™ 1 R ^7 n ° doul,t ■* a 

respiratory organ is found 777 S ^\ oeno ^ itl1 ) a vu,, y ]>rculinr 
‘ ° nd A nch vasculai- network is developed 



THE DECAPODA 


285 


lil tho delicate akin of the abdomen, especially on the dorsal side 
intonorly. Two pairs of venous trunks mnning along the sides 
of tho abdomen return the blood to the pericardium, a pair of 
i liythmically contractile vesicles at the base of the abdomen seivmg 
to accelerate tho flow 

Exa dory System — In Jill Decapods the antennal gland is well 
developed, and generally presents a complexity of stiucture not 
found elsewhere among Crustacea. It has m most cases lost its 
original tubular form and assumed that of a compact gland Thiee 
divisions aro commonly distinct — the saccule, the labyrinth, and the 
bladder, with its efferent duct leading to the exterior The 
saccule, which represents the end- sac of the typical antennal 
gland, may retain its simple sac'cular form, but more commonly 
it is complicated either by the development of paititions dividing 
up itB cavity, or by numerous branches which lamify through 
tho mass of the labynntli The labynnth may be considered aa 
derived from a sac which, by the rich development of partitions 
and trabeculae from its walls, has been conveited into a spongy 
mass travel sed by a complex system of canals In the Crayfish 
(Astaeus) the structure is still further complicated, mainly by the 
elongation of a portion of the labyrinth into a whitish cord of 
spongy substance which is convoluted upon itself, forming the 
“medullaiy” portion of the gland, the greenish “cortical” layer 
ropiesenting the proximal portion of the labyrinth which com- 
municatos with the end-sac The bladder may retain, as in the 
Crayfish, the form of a simple vesicle communicating with the 
exterior by a short duct In many cases, however, it sends off* 
pi obligations winch may extend through a great part of the body 
In some Candea this vesical system is veiy extensive, lobes from 
the two sides uniting with each other to form an unpaired vesicle 
above the stomach In the Brachyura thiee mam lobes are given 
off fiom the bladder, which are very constant thioughout the group, 
such differences as do occur being correlated with the differences 
111 shape of the carapace. In the Paguridae, however, the vesical 
system reaches its greatest complexity (Fig 167). The bladder 
sends oft prolongations which ramify between the organs and 
auastomose to form delioate networks and arborisations m the 
region of tho thorax, and two long diverticula, which may unite 
with each other, pass backwards to travel se the whole length of 
the abdomen I 11 Pahninm an accessory gland not found in any 
other type opens into the duct of the bladder The external 
apertuie is in most cases placed on a papilliform elevation on the 
proximal segment of the antennal peduncle In the Brachyura 
tho aperture is covered by an operculum (Fig. 147, B and C, t), 
capable of being opened and closed by special muscles It has 
been shown that this operculum in all probability repiesents the 
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reduced proximal segment of the antenna, and the muscles attached 
to it have been identified with those which move the pioxniml 
antennal segment in the lower Decapods This structure was 
described by Audoum and Milno-Edw.iuls 
as a kind of auditory ossicle 

No trace of the maxillary gland is 
known to persist m any adult Decapod, 
though it is frequently well developed in 
the larval stages 

Traces of glandular oiguns, picsmued 
to be homologous with tho antennal and 
maxillary glands, have been observed m 
embryonic stages m certain other somites 
of the trunk In addition, certain other 
structures are found m adult Decapods, the 
excretory functions of which have boon 
demonstrated physiologically, although 
their morphological significance remains 
obscure. The most important of these 
are the “branchial glands,” which aio 
masses of connective-tissue cells euriound- 
mg the venous channels in the axis of the 
gills and are devoid of ducts Other 
glands of the dermal type also occui in 
connection with the gills 

ui ^uyf'jurtw ueninuTuus Nervous System — Great differences exist 

o" m tbe number and disposition of tiio 
f^ 18, composing the ventral chain, 
saccule (uteriiarchaL) Among tne lower Decapods the six ganglia 
corresponding to the six abdominal somites 
are distinct, but those of the cephalothorax may be more or less 

fo°und Ce m the' ° f f*™* ganglla appears to be 

found in the Astacura, where those of the fivo posterior 

thoracic somites are well separated, the remaining cephaloZ 

rLr Sl V a , S m T e 0r less com P lefc ely coalesced to foim 
hJtf Z SOphageil1 gangllon ‘ In otl i8r cases coalosconeo 
has taken place to a greater extent, and in tho Scyllnndoa and 

ZZip" 6a ’ at f St ’ a11 tbe ce phaJoth oracic sternal ganglia foim 

psSslSSSffiEfe 
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Diagrram of the excretory 
-a stem of E upogu rti3 tern Jiunlus 
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jion is somewhat less complete, the outlines of five pairs of ganglia 
3an be distinguished m the central mass, while posterior^ is a 
shortened chain of five pairs of ganglia corresponding to the 
ibdommal somites, although not extending beyond the postenoi 
units of the thorax 

A system of visceral nerves is well developed in the Decapoda 
K gastric plexus is formed by anastomosis of three nerves, a median 
5ne arising fiom. the posterior surface of the cerebial ganglia and 

I pan from the oesophageal conrmissuies Special nerves to the 
ectum are given off by the last abdominal ganglion 

Sense-Oi gans, — The paired eyes are well developed in the great 
Majority of Decapods, although, as already mentioned, they may 
>e reduced or entirely absent in deep-sea and cave-dwelling foims 
ls well as m some pafasitic and burrowing species The cornea is 
;onei ally distinctly faceted, the facets being square or hexagonal 

II outline Sometimes they are squai e in the centre of the corneal 
irea and hexagonal towards the margin As a mle the crystalline 
•one is formed by four cells, and there are seven retinulai cells 
inclosing a quadripartite rhabdome. The nauphus-eye has been 
ound to persist in a vestigial condition in the adult in many of 
he lower Decapoda 

A pair of statocysts lodged in the proximal segment of the anten- 
mles occur in the great majority of Decapods (Fig 156 , A, si, p 265 ) 
Dnly in certain Candea do these organs appear to be entirely 
van ting ( Pandalus , Hippalyte) The statocyst develops as an 
nvagmation of the integument, and m most of the lower Decapods 
t remains m communication with the extenor, sometimes by a 
vide aperture ( Cicingon ), more commonly by a narrow slit Earely 
imong the Natan tia the statocyst appears to be quite closed 
Leucifei, Seigestes), and this is the case also m the Galatheidea 
Mid Hippidea among the Anomura and in the whole of the 
3 rachyura In the Brachyura, after ecdysis, the statocyst is open 
,0 the extenor by a narrow slit, which, however, soon closes by 
mlescence of the newly formed cuticle covering its edges In this 
p'oup also the cavity assumes a complex form by the folding of 
ts walls. In those cases where the statocyst remains open it 
jontams a number of foreign particles, sand-grams, which act as 
itatoliths, and are in some cases agglutinated together into a mass 
ly an organic substance secreted by dermal glands on the mnei 
surface of the sac In this mass the tips of the sensory setae 
ire embedded When ecdysis 5 takes place the chitmous cuticle 
ining the statocyst is thrown off and with it the contained sand- 
^rains, and it has been shown that fresh grains are introduced by 
,he animal either burying its bead in the sand or placing the 
grains in position by means of its chelae WTien the statocyst is 
tvithout external openmg it usually contains no solid particles 
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This is the case in the Biachyura and the majority of the Anomuia. 
In the few Natantia, however, which have closed statocysts, solitaiy 
statoliths, probably of organic composition, are present, which aie 
no doubt formed in situ As with the open statocysts, the lining 
membrane, and with it the statolith, is cast and renewed at each 
ecdysis In all cases the inner surface of the statocyst beais 
plumose sensoiy setae arranged in one or moie rows In Lcucijer 
the tips of the sensory hairs are embedded m the substance of the 
statolith 

The development of the statocysts has been traced m the 
Lobster and the Shore-ciab In both cases the functional state is 
assumed rather suddenly , at the fourth larval stage in the lobster 
and the first Megalopa-stage in the Crab In the latter the statocyst 
is at first open to the extenoi and sand-grams aie found in it 

Sensory filaments occur in most eases on the external flagellum 
of the antennules, commonly in larger numbers in the male than m 
the female sex In many Candea they aie confined to a specially 
thickened portion of the flagellum, and when the flagellum 
bifurcates the filaments are borne by the secondary branch 
(Fig 156, B, p 265) In some teirestnal species (Cocnobita) the 
filaments are very short, forming a close fur 

Phospho? escent mqans are now known in a number of deep-sea 
Decapoda (Sergestidae, Penaeidae, Hoplophondae, Pandalidae, 
Eryonidae), but the nature of the oigans differs widely in the 
different groups In Amicus comscans (Penaeidae) (Fig 168) 
and ffeteiocatpus alphonsi (Pandalidae) (Fig 148, p 259) Alcock 
observed a luminous fluid to be emitted from the base of the 
antennae, apparently from the orifices of the antennal glands 
This case may be compared with that of G-nathophausia among 
the Mysidacea, where a luminous secretion is produced by a gland 
on the maxilla which may possibly be the excietory maxillary gland- 
Polycheles phosphoi us (Eryonidae) was found by the same observer 
to be “luminous at two points between the last pair of thoracic 
legs, where there is a triangular glandular patch ” Numerous 
phosphorescent organs have been found by Couture on the body 
and limbs of various Hoplophondae, but their sfciucture lias not 
been examined In Seigestes challengen Hansen has found an 
extraordinary number of luminous organs (about 150) on the^ 
body and limbs, although they aie not found in other species of' 
the genus In this case the structure recalls that found m the 
Euphausiacea Each organ has, internally, a reflector, composed 
apparently of concentnc lamellae, enclosing a mass of cells 
There is nothing corresponding to the “ striated body ” of 
Euphausiacea, and the “lens” is double, the outer part being 
formed by a thickening of the cuticle which has no counterpart m 
the Euphausiacea 
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Reproductive System , — The testes as a lule lie partly in the 
thoracic region and partly 111 the abdomen, and, except in some 
Paguridae, are connected with each other acioss the middle line 
I11 the simplest cases, as m some Caridea, they are tubular in form, 
but as a rule they send off numerous caecal diveiticula. In 
Leucifer the two testes unite with each other to form an unpaired 
mass lying below the intestine In the Paguridae they are dis- 
placed backwards so as to lie wholly 111 the abdominal region, where 
they are unsymmetncally placed on the left side, either fused into 
a single mass or entirely separated from each other, the right testis 
lying in front of the left 

The vas deferens presents typically three divisions (which, 
however, are not distinctly defined in many Caridea) (1) a naiiow 



Fia ICS 

Aristeua cm ximtm (Peimeldae) (From Aloock, Naturalist in Indian Seim ) 

efferent duct leading from the testis , (2) a glandular part, with 
wider lumen, often convoluted , ( 3 ) a terminal ductus ejaculatonus 
with muscular walls In Brachyura (except Dromndae) the distal 
portion of the second or glandular division is provided with caecal 
diverticula which m some cases are very numerous, forming a large 
glandular mass. In Leucifer the structure of the vas deferens is 
very complex, and thoie are two distinct glandular regions. 

In nearly all cases the terminal portion of the vas deferens 
perforates the coxopodite of the last pair of legs, 01 emerges on the 
arthrodial membrane between the coxopodite and the body In 
the majority of cases no penes are formed, but in some genora of 
Paguridae ( Spiropagurus , etc ) a membranous tubular penis is present 
on one side only. In all Brachyura a pair of penes are present, 
the tips of which he within the grooves of the first pair of 
Abdominal appendages In those families of Brachygnatha formerly 

19 
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grouped together as Catometopa these penes eitlior ho foi a abort 
distance from their base within grooves oxcavatod in the last 
thoracic sternum, or else they perforate the sternum duectly, the 
vasa deferentia in this case not entering the eoxopodilos of the 
legs at all, as they do in most other Decapods 

In most Macrura and in the Dronuidao the sponniilo/oa when 
discharged are enclosed by a sheath of secretion which sots to a 
firm membrane, forming a continuous cord-like mans In Sn/lhvnts 
andm the Anomura this is broken up into sepaiate BpoimaLophoion 
attached by one end in a row on a strip of membrane In the 
Brachyura (except the Dromndae) the spormatophoi os are quite 


separate 

The spermatozoa are remarkably varied and complex in 
structure As a rule they are provided with still ladiatmg pio- 
cesses which serve to attach them to the surface of the egg, and, 
m some cases, an “explosive” apparatus is present which efioctH 
penetration of the egg-membrane 


The ovai'ies generally resemble the testes in shape and position 
In the Penaeidae they may extend through the whole length ot 
thorax and abdomen, but in most cases they aio of less extent In 
Leuafer , and m most if not all Thalassimdca and P.ignndiu, they 
he wholly m the abdomen. They are always united annas tlm 
middle line, sometimes at more than one point In the Crayfish 
the two ovaries (like the testes) are joined togothor postenorly ho 
that the organ haa a trilobed form. Except in Unnfu and u\ the 
Brachyura, the oviducts are simple in foim and upon on the 
coxopodites of the sixth thoracic appendages (third logs) In 
Leucrfei, which is peculiar in so many points of structuio, the 
oviducts have receptacula seminis connected with them and unite 
to open by a median aperture on the sternal surface of the thorax 
In the Brachyura where mtromittent organs are developed m the 
male, the terminal part of the oviduct is of considerable length and 
serves as a vagina, while a lateral pouch, sometimes double, with 
glandular walls, forms a receptaculum seminis. In tlm Dromiaum 

ttma S6em8 r t0 u® a tem P 0ru, T «t™ctuio formed aL llici 

8 of copulation In the Biaohyura, with inception of 

primitive Dromiacea and of certain Oxystonmtu (JifHiii.iduo/soino 
Donppidae), the oviducal apertures aro roinovod from the com. 

sSr of tk6 “ d ”!■» » .f u.o 
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appears to be formed by two ^ 
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Flo 101) 

Sternal surface of poatorlnr tlioraoiu somites of 
female Lobster (Jlanuinm ffctmmnnis), Hbowlng tlui 
receptaoulum Heiulnls VI-V1II, baflen of the lust 
throe palm of logs , 9. external oponings oToU- 
ducts , l p, latoral prooeBH 011 penultimate sternum , 
i/b.p, median process 011 last thoracic sternum, 
alit-llka opening of receptaculum 


Jioracic somite enclosing a cavity within which may sometimes be 
ound the large foliaceous spermatophores deposited by the male 
[n the Lobster (. Homarus ) (Fig 169) a median pouch enclosed by 
,hroe processes on the sterna 
)f the last two thoracic 
jomites has the same function, 

Lnd in the Crayfishes of the 
;enus Cambavus (but not in 
dsiacus) a more complicated 
)rgan in the Bame position 
s known as the “annulus 
centralis, ” These structures 
lave not hitherto been studied 
rom a comparative point of 
new, but it Beems likely that 
n investigation of their mor- 
ihology and their relation to 
he structures occupying a 
lmilar position m the Syn- 
arida would yield important 
osults 

In the great majority of 
)ecapods the eggs after ex- 
clusion are earned by the female attached to the abdominal append- 
ges. Only in the Penaeidea they appear to be shed free into the 
niter immediately on extrusion, or carried for a short time only, as 
1 Lcucifw , where they have been found attached to the posterior 
horacic limbs The attachment of the eggs to the abdominal 
ppendages of the parent is effected by means of a cementing 
latenal As a rule this material seems to be produced by dermal 
lands, which are found abundantly developed on the inner faces of 
tie pleural plates of the abdomen and on the uropods In some 
ises (Stenopiis and Thalassimdao), whore the pleural plates are 
lghtly developed, the glands occur mainly on the pleopods, and in 
le Pagundae tlioy are distributed over the ventral integument of 
ae abdomen. In the Brachyura, however, such glands are absent 
r only little developed, and the function of producing the cementing 
latenal is stated to he discharged by the receptaculum slaminis 

Secondary sexual characters among the Decapods are numerous 
nd varied. In many cases the males are distinguished fiom the 
unities by tho greater size and different shape of the chelipeds and 
y the narrower abdomen. Dimorphism of the males has been 
oted in many wises, and Faxon discovered that in Crayfishes of the 
onus Gambaius the two forms are alternating breeding and non- 
reeding phases in the life- history of the same individual. A 
osely similar series of changes has been found by Couti6re and by 
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G Smith in the males of some Oxyihynch.i mi.l it is wry 
that it may occur also in othei groups of DociiihmK 

Mention maybe made l.eie of the 10nm.kal.lo phonmnon a o 
“parasitic castration,” discovered by Gmrd m Decapo.lh infosL.-.I ■> 
Bhizocephala, Entomscidae, and other pmusU.es, wul nion< ijj< rnt.ly 
investigated by Q Smith The IfttUn observe. Iiml- U1.1 , m 
Brachyura infected with Samhna, the females slimv very little 
modification of external cliaracteis beyond .1 induction m size of 
the pleopods, although the gon.ul is reduced 111 size 01 even 
completely eiadicated Infected males, howovm, assumo m v.11 h»ih 
degrees the secondary sexual cliaractoia piopor to inn Funule ; l hr 
chelipeds (in species with dimorphic males) ruinimi m tlio fmin nf 
the non-breedmg phase and resemble those of the h k iiiiiU > , Uio 
abdomen becomes more or less bioadencd and limy assume nun 
pletely the female form, the copulatoiy styles (first and hirnml 
pleopods) are greatly reduced, and small pleopods may appear on 
the third to the fifth abdominal somites. In tlio most completely 
modified specimens only the reducod copulatoiy styles leinain to 
show that they once were males The vciy remarkable obsei v.iLimi 
has been made that these completely modifio< l males, m llm i un- 
cases when they recover sufficiently from the parasitic infection 
to regenerate a gonad, become perfect honnapluuditos, the gonad 
pioducmg both spermatozoa and ova 

Observations, as yet unpublished, made by A. Wollolmrk, 
seem to indicate that certain deep-watoi Docapoda aio noimally 
hermaphrodite. 

Development. 


With some noteworthy exceptions to bo mentioned below, l lie 
Decapoda pass through a more or Iobs extensive metamorphosis 
after leaving the egg The most complete senes of changes ocelli s 
among the Penaeidea, some at least of which are hatched as free 
swimming naupln and have a larval history uloHoly puiullnl to that 
of the Euphausiacea. 

In the Penaeidae the development w.is first made known 
by Fritz Muller, and furthei elucidated by Claus, I»runks, and 
Kishmouye The Nauplius (Fig 170, A), which lias been hatched 
from the egg by the last-named of those authors, lias a quite lypuul 
form The pear-shaped or oval body is without a shell fold and 
has two terminal setae posteriorly Tho median eye is present and 
the three pairs of nauphus-limbs, tho third pair of which are with 
out any masticatory process In the succeeding Mrtavtiuplnt ^ stage 
four pairs of hmb-rudiments are developed behind those already 
present, the masticatory process appears on the third pair, the 
swimming-branches of which begin to dimmish, and a pair of 
papillae on the anterior margin represent tho “frontal organs," 
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which persist through several of the Jater stages The next stage 
observed is the Piotozoca (Fig 170, B), in which the seven pans 
of limbs already indicatod are well developed , the carapace covers 
bhe anterior part of the body , the abdomen, which has a furcate 
termination, is still unsegmented, but the six posterior thoracic 
somites are defined, though very short The mandibulai palp has 
pute disappeared (to leappear at a later stage), and the first and 
jecond thoracic appendages are biramous swimming-limbs. At this 
jtage the rudiments of the paned eyes begin to appear beneath the 



jarapace, there aie three pairs of hepatic caeca, and the heart is 
leveloped, though as yet with only one pair of ostia In a later 
^rotozooa-stago (Fig 171, A) the five anterior abdominal somites 
Lre indicated, the sixth being not yet marked off from the telson, 
ind the rudiments of bhe third pair of thoracic limbs appear In 
,he following stage, to which the name of Zoea is given, the paired 
jyes become fiee from the carapace and are movable, the carapace 
logins to grow out into a median rostral spine, the third pair of 
jhoracic limbs are biramous, and rudiments of the remaining five 
mirs are present. The first five pairs of abdominal appendages 
Fig 171, B) are present as very small buds, but the sixth pair 
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have already begun to outstrip these in older of development and 
are larger and bilobed In a later Zoea-stage (Fig 171, C) the 
sixth pair form with the furcate telson a well-marked tail-fan, but 
the first five pairs of abdominal limbs are stated to be temporarily 
suppressed, to reappear again at a later stage , a retrograde change 
is also observed in the peduncle of the antennule, which m the 
later Protozoea was divided into five segments but now becomes 



Fia 171 


Later stages of Pennm* A, older Protozoea stage 13, under Bin fhco of thorax ami 
abdomen of somewhat later Btagn wltli rudiments of limbs C, ZoGa stage D, SchlzoiKKl-atago 
1, antennule , *2, antenna, 3, mandible , 4, nrnxillula, B, maxilla, [-Mil thoracic appendages , 
(IV-VIII), the posterior thoracic somites , ayttg, plnopods , o n , uropodn , ah, abdomen, rn f 
endopodlte , ex, exopodite , fr, frontal sense organ , hectic caeca , t, telson (AUei 
Claus, from Korschelt and Helder's Embryology ) 

once more unsegmented The five posterior pairs of thoracic 
limbs (legs), which in this stage are bilobed rudiments, develop m 
the succeeding Schizopod- stage (Fig 171, D) (usually called the 
ilfysw-stage) into biramous natatory limbs and take up the function 
of locomotion hitherto fulfilled chiefly by the antennae The 
abdomen has now increased greatly in size as compared with the 
cephalothorax, and the first five pairs of abdominal appendages 
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begin to reappear The various appendages now begin to assume 
the form which they have in the adult Tho antennules have a 
three-segmented peduncle, with two flagella fis yot nnsegmented. 
The endopodite and exopodite of the antonnii become respectively 
flagellum and scale The palp of the mandible begins to redevelop. 
In a later stage, which may be called post-larval, the exopodites of 
the thoracic limbs become reduced and tho abdominal appendages, 
now well developed, take on the function of Bwiraxning-organs. 

While it is tolerably certain that the general course of develop- 
ment in the Penaeidae is as described above, it is to be observed 
that os yet the complete series of larval foims has not been traced 
out in the case of any one species, and it is just possible that some 
of the changes statod to occur, e, g the alleged temporary disappear- 

A j 



ance of the first five abdominal appendages in tho later Zooa-stago, 
may be due to confusing together in one series the larvae of 
different species. In the closely rolutod family of tho Sergostidao, 
however, Brooks has been able to trace out in considerable detail 
the life-history of a single spocies, Leurifai' tiflms. In this case tho 
animal leaves the egg as a motanauplius (Fig. 172, A) with four 
pairs of limb -buds already visible behind the threo pairs of 
nauplius-limbs This is followed by a lator motanauplius (Fig. 172, 
B) in which the shell-fold and tho masticatory process of the 
mandible appear The Protozoea (Fig. 178, A), with seven pairs 
of functional limbs, differs from that of Pmaeun chiefly in tho 
different shape of the carapace, which has already the beginning 
of a rostrum, and m having only four of the six postenor thoracic 
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somites defined The rudiments of the paired eyes appear 111 the 
later Protozoea-stage (Fig 173, D), when also the seventh thoracic 



Fig 178 


Protozoea and Zoea stages of Lcuclfer A, first Protozoea stage B, maxlllula of same 
C, maxilla of same D, later Protozoea-stage ( ErLTUhimi , Dana) E, Zooa-stage a', antennnle , 
a", antenna , nljg, uropods , an., endopodlte , ex, e\ite f h, heart , l, hepatic diverticula , mil, 
mandible, vif-m/'", the three pairs of maxillipeds , mp"', somlto of third muxillipods, rax 7 , 
moxllliila, 7/lk", maxilln , o, paired eye, oc, nauplias-eyo , ol, labrum , r, roBti'iim , tjfl-th 4 , 
rudiments of fourth to seventh thoracic limbs (flist four legs), fl-i*, fourth to seventh thoracic 
somites , 1 0, abdominal somltea (After Brooks, from Korachelt and Holder's Eviljryology ), 

somite (the eighth remains undeveloped in the adult Lmafen) and 
the first four abdominal somites appear The Zoea-stage (Fig 173, 
E) differs from, that of Fenaeus m the fact that the eyes are not 
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yet free fiom tho carapace, and that the third thoracic limbs, like 
the fom following pairs, only appear as bilobed rudiments. The 
uvopods lire present as mdiments, but the pleopoda are not yet 
indicated A tick izopod -stage (Fig 174, A) follows, with movable 
paired eyes, with seven pans of biramous thoiacic appendages 
functioning as swimming -feet, and with well -developed tail-fan. 
Later stages (Fig 174, B) show rudiments of the fiist five pleopods 
A Mtis/itfojms-aUigo (Fig 174, C) intervenes before the assumption 
of tho adult form 


Tho lai vao of Sei'ycAes, though differing remarkably in appear- 
ance from those of Lntcifei , conform closely to the same type of 
development Tho youngest known larvae are Protozoeae (Fig. 
175, A), which differ from those of Leucife 1 ) in their compact 
form and 111 tho possession of stalked eyes and of biramous third 
maxillipods. The most characteristic feature, however, is the 
armature of the cai apace. A rostrum, a median dorsal, and a pair 
of lateral spines are present as m Leucifei , hut much stronger, 
and each bearing a double row of secondary spines The Zoea 
(Elaphomns of Dana) has this spine armature still more developed, 
and an additional pair of compound spines appear on either side 
of tho rostium. In the Sclnzopod-stage (known as Acantitosoma) 
(Fig 175, B) tho ai mature of the carapace is very much reduced. 
Boforo tho adult stage is reached a Mashgopus- stage intervenes, 
chin actonsod by the temporary disappearance of the last two 
pairs of thoracic limbs, winch are present alike 111 the Acanthosoma 
and m tho adult animal. It is interesting to notice that in this 
character Lcucifer represents a permanent Mastigopus-iorm. 

In the remaining groups of Decapoda no case is known where 
tho larva is hatched at a stage preceding the Zoea, though in some 
instances a larval cuticle, moulted soon after hatching, has been 


supposed to present characters of the Protozoea 

Among tho Caridoa the earliest larval form is a Zoea m which 
tho third thoracic appendages are already well developed The 
postoiior thoracic region is undeveloped, though the abdominal 
somites, with tho exception of the last, are defined The carapace 
has a rostium and supra-oibital and antennal spines, but no further 
armature In many cohos the stage at hatching is still fart er 
advanced, the paired eyes are stalked and movable, and one or more 
pairs of tho posterior thoracic appendages are present as rudiments 
In spito of the retarded development of the last five thoracic somites, 
it is notoworthy that tho appendages appear in regular order from 
boforo backwards, with the exception of the uropods, whic genei y 
develop precociously In the Schizopod-stage it is a very 
but not universal character of the Candean larva that it 
out exopoditos on the last thoracic feet. In many Candea there 
is still further abbreviation, loading to complete suppression of 


* 
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larval stages, more especially among Arctic, abyssal, and freshwater 
forms. A specially interesting caBe is that of Palaemovdcs vanan s f 



Pio 174 

nater stages atLeucifer A, younger Schizopod-atace r ’ 1 ), Intel Sohizopod. stage (less 
magnltted). C, Masttgopus-stage n\ antennule , antenna , nfa-al> g , pleopods . uh n , 
*0* carapace , dr , antennal gland , en t flagellum, ex, scale, of antenna , ml. mandible , 
inf , mf , first and second maxllllpedfl , mjf , maxlllula , 9 /ii", maxilla , 0, paired eye , nt, naupHus- 
eye, 01, tourum, r, rostrum, 1 -G, abdominal somites. (After Biookb, from Korsclielt anil 
Heider s Embryology ) 
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winch two luces are known, the one found in Southern Europe 

i" g >f?! USIVe £ freshwater m habitat > the other, found in Britain 
Noi them Europe, inhabiting brackish or salt water The 
■nnor hatches at a stage when all the limbs except the uropods 
0 present, and the first two pairs of legs have exopodites In 



Fio I7fi 

lwivviil Hl-Htflw or.s* wjiUw A, rrutoi'Oflfi-, 13. SolilzopcNl HttiffQ (Acanthomma) a', anteimule , 
' , iliiLmuml , inf’-wf", thn Uimo paint or liiaxllllpotlH , inx\ maxlLlulR , mi", mnxllla , d, latrnuu , 
//, umxtlliiry inland (Aftor OIiuih, fiom ICorHoliolt and ualder’B Einhrydoy)/ ) 


ilio northern race all the ambulatory legs are rudimentary on 
latching, and there .are no abdominal limbs 

None of the Astacura arc known to possess a Zoea-stage. The 
Lobster (Ilonmus) is hatched m the Schizopod-stage (Fig 176), 
with natatory exopodites on all the thoracic limbs, but without 
itiy abdominal appendages In the further course of development 
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the uropodB are the last to appeal' In Nephops (Fig 177) the 
course of development is very similar, but the larvae are 
distinguished by the long spines of the abdominal somites and 

telson The freshwater Cray- 
fishes have a direct develop- 
ment, the young on hatching 
resembling the adult in most 
points, but lacking the first 
and the last pairs of abdominal 
appendages 

The Scyllandea have a 
very peculiar and character- 
istic senes of laival forms, 
which were long described as 
adults under the generic name 
Phyllosoma (Fig 178) These 
larvae are remarkable for the 
lar g® size to Which some attain, 

“’gr- \Xr 8 xt T p | d mitt J r™m 6 Ko'i f nd i 0r *eir extremely flat . 

acheit and fielder's Embryology) tened and leaf -like form and 

glassy transparency The body 
is sharply divided into three regions The first, which is covered 
by the oval carapace, includes the head and the first two thoracic 
somites The remainder of the thorax forma a discoidal plate and 




is foUowed by the narrow and indistinctly segmented abdomen 
1 he last two thoracic appendages are not developed in the newlv 
hatched larva, but the four pairs m front of them are long and 
slender with natatory exopodites The first thoracic limbs are 
rudimentary (. Pahnunis ) or absent (Scylkrus), and the second pair 
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are umramous. It will thus be seen that the Phjllosoma represents- 
a modification of an early Schizopod-stago 

A point of some interest in these forms is the occurrence of 
letrogressive changes in the course of development Thus the 
antenna and the maxilla undergo a certain degiee of degeneiation 
before hatching, and the seventh and eighth thoracic and the 
abdominal somites, which aro well defined 111 the embryo, become 
indistinct in the larva. 

The development of Thalassmidea is interesting on account of 
the points of resemblance which it shows with the Candea The 
earliest larva is a Zoea, which in some cases ( Calhanassa and 
Calocans) resembles that of Candea in having the three maxilhpeds 



Fici ITS 


PhyllOHonift-lfirva of Puhmn nsjunt before liatohlng ail t ftbilomnn , L, liopatlu cania , Il-Vf, 
tlioraolc appondftgBB (hbcotiiI and third nmxUUpBda and llrat thron palrn of legs) , 1, antemmlu , 
g, antunniu (After Claus, from ICoraoUolt und Holdur'u HvUn ijology ) 

biramous and natatory ; but m others ( Upogeha and Janea) only the 
first and second are present on hatching, the third becoming natatory 
'only in the following Schizopod-stage, while the endopodite is still 
rudimentary, os m other Anomura The existence of a Schizopod- 
stage, in which only the last two thoracic limbs are rudimentary 
and the uropods and rudiments of the pleopods are present, consti- 
tutes an important distinction from the other Anomura. The larvae 
of Jcu'cct, ( = Calli<ms) are of exceedingly peculiar form, having the 
cephalic region produced into a long “neck” resembling at fiist 
sight that of Lmcifw To this larval type the name of Trachehfa 
has been given The remaining groups of the Anomura and the 
Brachyura differ from those just described in the suppression of the 
Schizopod-stage, the legs developing without exopodites m a 
Metazoea- stage which follows the Zoea In the Anomura the Zoea 
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(Fie 179, A) possesses two pairs of maxillipeds, the third pair 
pi 179 0) being present as rudiments. The carapace has its 
posterior border produced into two lateral spines (greatly elongated 
m Poudlum, Fig. 180), and a long rostrum is present L. the 
next succeeding stage, the Metazoea (Fig 179, B) the thiul 
maxiUiped becomes biramous and natatory (a point of distinction 
from the Brachyurau type), and the umramous ambulatory limbs 
and the pleopods are developed as ludiments 

The Brachyura, as a rule, are stated to hatch m tho Zoea-stago 
(Fig 1S1), but since rudiments of the posterior thoracic limbs are 



Fin 170 


Lanai stages of Eitpaflnrus bun ha (Pagundea) A, Zoeo. B, MobozcKifi. O.riKlimontri 
of third inanUlpeds m Zoeu stage D, caudal fan of Metiuoea. u' t autenuulo t «" witoium, 
«\ fifth pleopod , uropod , £, rudiments of gilln , mf-mf", the tliree palrn of iimxl lllptuiB , 
cl, labrum , p-n 1 * first four legs , r, rostnim , t, mandibular palp (After Bars, from ICorHCholfc 
and Hdder h Etnbniuloan ) 


frequently present, it might be more correct to call the larva a 
Metazoea. Throughout the gioup a very characteristic form is 
given to the Zoea by the development of long spines on tho 
carapace As a rule, a rostrum, a median dorsal, and a pair of 
lateral spines are present. Of these, the dorsal spine (d s) is 
the most constant, great importance was formerly attached to 
it as a characteristic of the Zoea^stage In many Brachyura the 
larva when hatched is enclosed m a cuticle which is moulted shortly 
after hatching, and this cuticle in many cases presents characters 
differing from those of the larva which escapes from it In 
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Ctnnnus maciMSy for instance, the first laival skin lacks the 
of tho carapace, the antennae are larger 
and differently formed, the shape of 
tho caudal fork and its spine armature 
are different from those of the succeed- 
ing stage, and the abdominal portion is 
not distinctly segmented These char- 
acter have been supposed to indicate 
that wo have heie the last traces of a 
Piotozoou- stage like that of the Pen- 
aoidoa. 

The Metazooal stages, which differ 
from those of the Anomura in the fact 
that tho thud maxilhped does not 
assume a natatory function, are suc- 
1 ceded in nearly all cases by a Megalopa- 
atuge (Fig 182 , A, B), m which all the 
appendages have assumed very much 
the foim which they have in the adult, 

1 m fc tho abdomen is large and usually 
tarried extended, and the five pairs of 
ploopods aie used for swimming In 
some cases the Megalopa- stage is sup- 
pressed, the Metazoea being succeeded 
by a stage 111 which the animal has 
assumed the chief characters of the 
adult 

Complete suppression of the meta- 
morphosis occurs 111 some (perhaps all) 

Potamonidae, and probably in some 
other freshwater and terrestrial Brachy- 
unu In those Anomura which have 
become most completely terrestrial ( 5 w- 
<iux and Coenobita) Borradailo haB Bhown 
that the young are marine, and that, 
hatching takes place at the Zoea-stage. 


Remarks on Habits, etg. 

The habits and habitats of the 
Pecapoda are more varied, and have 

bomi much more studied, ^u m the mmo(pondlmmUthQk ie 
case of any other group of Crustacea ^ Galathei dea) mf-mf"', the three 
Spaco will not permit of allusion to ^\ l ^ f a XriiiL ped (AftOT Sara, from 
more than one or 'two of the more Korschelt ai£ Heidert Embryology ) 

salient points. 
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Truly freshwater Decapods (apart fiom estuarine or brackish- 
water species which may penetrate into fresh water) are found 

amons the Natan tia m the 


\ 



Fio 181 

First Zoea stage (after tlie first moult) of Carcinus 
inae nas a', antennule , antenna , abd, abdomen , 
d 8, dorsal spine of carapace (the so called 11 Zoea 
spine) , /, furcate telsou , mil, mandible , ini', ma\ll- 
lula , mx”, maxilla , r, rostnun , th\, thM, first and 
second iuntillipeds, biramous and natatory , th^-thv, 
mdiinents of three following thoracic appendoges 
(After Faxon.) 


family Atyidae and m several 
genera of Palaemonidae , of 
the Reptantia, the Crayfishes 
of the families Astacidae and 
Parastacidae, the monotypic 
Aegleidae among the A 110 - 
mura, and the Potamomdae 
(Thelphusidae) and numerous 
species of G-iapsidae among 
the Biachyura, are also dwel- 
lers in fresh water Some of 
these are more or less am- 
phibious in then habits, like 
many Potamomdae, and some 
Crayfishes are found burrow- 
ing in the earth far from 
streams or ponds, their bur- 
rows reaching down to the 
giound- water The same is 
reported of the marine or 
brackish- water Tlmlassma 
Truly terrestrial species 
are found among Pagundae 
(Ba gus and Coenobita) and 1 
Brachyura (Gecarcimdae), 
and it is interesting to note 
that these are derived not 
from freshwater but from 


marine types, and all (except, possibly, some Gecaicimdae) pass 
their early stages in the sea. 

The Sergestidae belong to the plankton, occurring at the surface 
and descending to great depths A few Brachyura (Planes and 
some other Grapsidae) lead a pelagic life, clinging to drifbweed, 
floating timber, and the like 

It is worthy of note that the deep-sea Decapods include the 
more primitive members of each of the chief subdivisions tbe 
Aristemae among the Penaeidea, the Hoplophondae among the 
Candea, the Eryomdea among the Pahnura, the Pylochelidae among 
the Pagundea, and the Homolodromndae among the Brachyura 

Parasitism and commensalism in varying degrees are common 
The Pagundae alone, which live in the empty shells of Gasteropod 
molluscs, present a whole senes of cases of commensal association 
with Sponges, Coelentera (Fig 183), and Polychaete worms r 
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,gicola } Typton , and Eiconanus live m sponges, many Pontonimae 
Pjnnotheridae (as Aristotle know) 111 tlio mantle-cavity of bivalve 
uses; members of the first-named family inhabit the pharyngeal 
by of Tumcates, and some Pmnothendae are found m the 
ipiratory trees” of Holothunans and the lectum of sea-urchms 
y Decapods are constantly found among living corals, and the 
alocarcimdae live in “ galls ” on the blanches of corals A 
peculiar habit is that of some crabs of the genua Melia, which 
y in each cheliped a living Actimau and use it as a weapon 



Special interost attaches to the stimulating organs, found in 
y Decapoda, since their possession is presumptive evidence that 
animals do have some power of hearing A few Penaeidue, 
a Pahmmdao, and a considerable number of Brachyura are now 
;vn to have stimulating organs 111 various parts of the body 
b of Ocypodct, shown in Fig 18 1 , is ono of the fow of which the 
Ld-produciug function has been demonstrated by observation of 
living animals. It consists of a file-like aenos of ridges (a) on 
inner Burface of the propodite of one of the chohpods, which can 
ubbed up and down upon a sharp ridge ( b ) on the ischiopodite 
ho same appendage, producing a hissing sound, which probably 

20 
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serves to warn intruders from entenng the burrows of these shore- 
living crabs In the case of purely aquatic species, the function, of 
these organs is less easy to undei stand 

The range of size in Decapoda is greater than m any other 
group of Crustacea Some Natantia do not exceed half an inch 
in length, one Pagund is adult when 8 mm long, a spccioa of 
Porcellanid has a carapace measuring 3 mm by 5 mm., and some 
Brachyura aie no larger The largest forms aie found among the 



Fi a 1S8 

Pai aivg urns piloslnm nit* (Paguridae), lodged in a colony of zountluu inn iwlypoH 
(From Alcock, NutuuillBt in Indian ‘scrw ) 

Reptantia, some Pahnundae and Astacura reach one* or even two 
feet in length and are bulky m proportion The largest living 
Arthropod is the Japanese crab Maci ochma(oT Kaempfma ) Kaempfen, 
of which the carapace may measure 15 inches in length, and the 
extended chehpeds of the male may span moie than 10 feet. 


Palaeontology 

Fossil remains of Decapods are not known yritli certainty from 
any Palaeozoic deposits. Many genera, from the Devonian upwards 
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h.ivu indeed, been described as belonging to this group, but in no 
(Mho is enough known of their chaiacters to enable more to be said 
than that they agree with the “ caridoid ” groups of the Malacostraca 
in the possession of a carapace and of a tail-fao 

In the Mesozoic rocks many undoubted Decapods occur, includ- 
ing representatives of all the chief groups now liung. Many 
goneui of renaeidea are found from the Jurassic, perhaps from 
the Ti lassie ponod omvaids, some of the earliest even resembling 
closely the existing genus Penaeus , to which they have been referred 
JrtfM, fiom Tnassic and Jurassic rocks, presents characters which 
suggest an affinity with the Stenopidea True Candea appear later, 
m the Uppei Jurassic, some at least piesentmg primitive characters 
in the rotontion of exopodites on the ambulatory limbs Fresh- 
water Caudea of doubtful affinities occur in the Miocene The 
Hryonidoa are especially interesting since the few existing deep- 


a 


/ 
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Ijuum 1 linlliKifl ul Oiv/pwlit inftcmtm, from tlie Inner aide, showing the jWjdutfttjng 
iihVIiuuIhiii », lllullkrt Biulim of ridges on propoillte j., ^dge or scraper on IwhloTOdltfi 
IK Iilnsh which tins ildgos oF the propodlte can be rubbed when the limb is Hexed (Fro 
Ueiu'k, jY/f/d ralhtt in JntlUm Sms ) 


Sim forum appear to be only the surviving remnants of what was m 
the Mosozoic period a dominant group The genus Eiyon (Fig ) 
appears in the Trias and persists until the earlier Cretaceous Ihe 
(ilyphueiduc, a wholly extinct gioup having much the same range 
in time as have the fossil Eryomdae, have been supposed io stand in 
Urn direct lino of descent of the Scyllandea True Scyllandea occur 
probably in the Jurassic, certainly in the Cretaceous period The 
ousting genus hnaparw, or a very close ally, datra back to the 
upper Chalk Astacurn are known from Jurassic and later deposits 
m misidcmblo numbers Enjm, from the Lias, and Hoplopam 
(( IrotacoouB and Tertiary) are well-known forms 

The Anomura are almost unknown as fossils, except 
T liiihwfliiiidoft 1 inferred to the existing genus Calhanassa oeeumng 
from the Upper Jurassic onwards The Brachyura, on the other 
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dromndae One of the oldest, and at the same time one of the 
most completely known, is Pithmnachus (Woodward) from the 
Forest Marble ( Lower Oolite), which has many geneiahsed characteis 
Later foims belonging to Piosopcm (v Meyei) and other genera give 
evidence, according to Bouvier, of the divei gence of a Homoline 
and of a Dynomeno-Drommie line of descent leading to such foims as 



i-’iu isr. 

Erynii prnpniqmiH (lumi the .JiuhshIl mi kn uf Hulrnlinlnii), mulni aUU (Afl.nr < ) 


Homolopsis (Bell) and Ih mniirpm (Fours) fiom tlio Upper OicUiueous, 
and to the existing Homolidae, Dynomomdae, and Dromndae The 
remaining Brachyura have not yet yielded lesults of ho much phylo 
genetic interest The Oxy stomata appear about the middle of the 
Cretaceous system and tho Brachygnatha about the same tnuc In 
the Tertiary many Brachyura aie found, representing tho clnei 
existing types of the gioup 
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Affinities and Classification 

The resemblances between the lower Decapoda, especially the 
Penaeidea, and the Euphausiacea have been mentioned in dealing 
with the latter Order, and justify the alliance of the two Orders m 
the Division Eucarida It may be mentioned that the oxopodites 
of the thoracic legs, the absence of which still survives in text-books 
as distinguishing the Decapoda from the “ Sclnzopoda,” are at least 
as strongly developed in many Cundea (Hoplophondne, etc ) (Fig. 
1 60, p 2 70) as 111 Euphausiacea or Mysidacea Coutiere has recently 
called attention to some curious resemblances between certain 
primitive Candea and the Lophogastntl Mysidacea These 
resemblances, however, by no means outweigh the important 
differences between the two groups, and may be cither primitive 
characters derived from the common candor d stock or conveigences 
due to similarity of habits 

The classification of the Decapoda is a very difficult problem, 
and none of the schemes hitherto pioposed can be regarded as 
entirely satisfactory. The traditional classification of the group 
into the long-tailed Macrura and short-tailed Brachyuia was estab- 
lished by Latreille in 1806, but the difficulty of defining these 
groups is shown by the varying limits which have been assigned to 
the intermediate group of Anomura established by Mdne-Edwards 
m 1834 Boas, in 1880, was the first to make a radical departure 
from this system. He pointed out that the Brachyura and Anomura 
weie only single branches of the Decapod stock, and by no means 
equal in systematic value to the Macrura, which included several 
other branches not more closely connected with each other In 
other words, just as in the classification of the Malacostraca as a 
whole, so within the Order Decapoda, the lotention of the primitive 
“ caridoid facies ” does not necessarily imply close affinity between 
the groups oxhibitmg it. Boas pioposed a division of the Order 
into the two pnmaiy groups of Natautm and Reptantia as defined 
below. This division is undoubtedly a more natural one than those 
formerly employed, although it is hardly more easy to find constant 
and exclusive structural characters by which to define the sub-orders 
than it was 111 the case of the Macrura, Anomura, and Bracliyura 
A further difficulty is presented by the small group of Stenopidea, 
which combine, to some extent, the characters of Natantia and 
lleptantia, and may perhaps deserve separation as a third sub-order. 
Important modifications of Boas’s scheme have been introduced by 
Ortmann and by Borradmle, and the classification of the last-named 
author has been adopted hero, with some alterations, chiefly of a 
formal land, as, on the whole, the most satisfactory yet proposed 
Borradaile’s chief innovations are the inclusion of the Thalassimdea, 
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formerly ranked with, the Macmta, among the Anomura, the 
establishment of a group Brachygnatha, opposed to the Dromiacea 
and Oxy stomata among the Brachyura, and the abandonment of the 
old divisions Cyclometopa and Catometopa among the families 
which he unites as Brachyrhyncha. These changes appear to be 
quite justihed on morphological grounds, and to conduce to clearness 
m the delimitation of the groups Much work lemains to be done, 
however, in readjusting the subdivisions of the smaller groups, and, 
in particular, the classification of the Candea is still in a very 
unsatisfactory condition 

Although abandoned as a systematic category, the name Macrura 
may still he used (as it has been above) as a convenient descriptive 
term for those Decapoda which retain more 01 less the candoid 
facieB, that is to say, the Natantia with the Palinura and ABtacura 
among the Reptantia 

With regard to many of the generic names mentioned below, it 
is necessary to warn the student that recent “ reforms ” of nomen- 
clature have resulted in lamentable confusion, moie especially in 
the naming of long-known and familiar Decapoda, and it is not safe 
to assume that when an authoi mentions “ Astciciis” or “ Changm ” 
he is referring to the genera including the common Ci ay fish and 
the edible Shi imp 

Order Decapoda, Latroille (1802) 

Sub-Order 1 Natantia, Boos (1880) 

Body almost always laterally compressed , rostrum usually compressed 
and serrated , first abdomimil somite not much smaller than the rest , 
antennules generally with stylocente , antennal scale generally large and 
lamellar , legs usually Blender, except sometimes a stout chelate limb or 
pan, which may be any one of the first three pairs, with basipodite and 
ischiopodite very rarely coalesced and with only one h^ed point in the 
carpo-propodal articulation (with some doubtful exceptions), sometimes 
with exopodites, podobrnnchiae hardly ever present on the firBt three 
and never on the last two pairs , male genital apertiues in articular 
membrane , pleopods always present in full number, well developed, used 
for swimming 

Tribe 1 Penaeidea 

Pleura ot second abdominal somite not overlapping those in front , 
antennae generally with stylocente, mandibular palps straight, first 
maxillipeds without expansion at base of exopodite, endopodite long , 
second maxillipeds with terminal segments normal , third maxillipeds 
with seven segments , third legs chelate (except when legs are much 
reduced), not atoutei than first pair , first pleopods of male with petosma , 
gills dendrobranchiate 

Family Penaeidae Sub-Family Cerataspinae Coi atasjns. Gray 
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Rul) - Family Atusteinae Anatena , Duvemoy (Fig 168, p. 289), 
Ihmflicncym.ua, Spence Bate Sub -Family Sicyoninae Sicyomci , H 
Milnu-Edward 4 * Rub-Family Penaeinae Penoeua , Fabncms , Solenocera, 
Lucas Family Sergehtidae Sulj-Faniily Sergestinae Seigestes , H 
Milne-Edwards Sub-Family Letjoifbrinae Leucifer i H Milne-Edwards 
(“ Lunfn , J V Thompson) [Sub-Family Am phioninae Amjihion, 
II Milne-Edwards. (The validity and the systematic place of this genus 
lire si ill doubtful )] 


Tribe 2 Caridea 

Pleura of second abdominal somite overlapping those in front , 
antennae generally with Btylocerite , mandibular palp, if present, straight , 
first iuu\illipeds tilth expansion at base of exopodite, endopodite short, 
second imuillipeds usually with last segment articulating laterally with 
preceding , thud nuixillipeds with four to six segments , third legs never 
chelate , first pleopods ol male without petasma , gills phyllobranchiate 

Family Pahiiuiaeidae Pcmphaca , Savigny, Paathyrocans , TVood- 
Masou (Fig 160, p 270) Family Brkbiliidae Brmlm , Caiman. 
Family Hoplopiioridae (Aoanthephyridae) Hoplophorus, H Milne- 
Edwards , Acantluphipa , A Milne-Ed wards Family Nematooarcintdae. 
NuTtiulocuvciiMiti, A Milne-Edwards. Family Atyidae Atycij Leach , 
Gandina , H Milne-Edwards , Limnocandmci, Caiman Family Stylo- 
daotymdae Htifloductyl ui i, A Milne-Edwards Family Pbalidopodedae 
Psnhdnpita , ■ Wood- Mason and Alcock (Fig 163, p 272) Family 
Pani>at,ii>ah Suu-Fnnuly Pandalinah Pandalus, Leach , Beterocarpua, 
A Mil ne- Ed wards (Fig 148, p 269), Pandahna , Caiman Sub-Family 
ThaTjAkhooarina e. Thahmocarw , Stnnpson Family Alpheidae. 
AlpheuX) FabriciUH , Athanas , Leach Family Hippolytidae. H'ippolyte , 
Leach (= VnM\w, Rtimpson) ; Spirontocans, Spence Bate, Latreutia, 
Stimpson. Family Hhynohocinetidae. Rhynchocinetea , H Milne- 
Edwards. Family Palaemonidae Sub-Family Palaehoninae. 
Paliiemm i, Fabriaufi; Palaemonetea, Heller, Leander , Desmarest Sub- 
Family Ponton nis am Pontmm } Latreille , Typton , Costa. Sub-Family 
I [ymmnoqmiiinar Hyvicnocera, Latreille Family Gnathophyllidae 
ftmthaphiilliiw, Latreille. Family Proomssidae Processa Leach (AiAa, 
IUhho) Faunly GriYPHooRANaoNioAM Glyphocrangon, A Mime-Edu aras. 
l''iumly OttANUONiDiVE Urangon, Fabricius , Paracravgon, Dana 


TmnE 3 Stisnopidha 

Pleura of hocouiI abdominal sonnte not overlapping those in front 
antennue without stylocento , mandibular palp curved inwards . first 
maMlhpeds without expansion at base of expedite, e ^opoditejhort 
Bccond niaxillipeds with terminal segments normal , third maxillipeds 
wiU seven segments, third logs chelate, one or both much longer and 
stouter 'than first two pairs, first pleopods of male without petunia; 

gills trichobmn dilute rr 

Family Hticnohdae /taopiw, Latreille , Spongicola, de Haan 
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Sub-Order 2 Reptantia, Borh (1880). 

Body not compressed, often depressed , rostrum often absent, depr eased 
if present, first abdominal somite distinctly smaller than the rest, 
antennules without stylocerite , antennal scale generally small or absent , 
legs strong, the first pair usually, the. others never, stouter than tlieir 
fellows, basipodite and ischiopodite almost always coalesced m the first 
pair, generally also m the others, two fixed points in the carpo-propodal 
articulation, exopodites never present, podobranclnae often on some of 
the first four pairs , male genital apertures on coxopodites or on sternum , 
pleopods often leduced or absent, not used for swimming 

Section 1 Palin ura 

Abdomen extended, well aimoured, with well-developed pleura and 
broad tail-fan , carapace fused at sides with epistome , rostrum generally 
small or absent, exopodites of maxillipeds with flagella directed forwards , 
third legs like the first, chelate or simple , appendix interna piesent on 
some pleopods, at least in female , exopodites of uropods not distinctly 
segmented , branchiae numerous. 

Tribe 1 Eryonidea 

Antennae with exopodite, first segment not fused with epistome ; first 
lour pairs or all the legs chelate , first pleopods present 

Family Eryonidae Polycheles , Heller , Pmtacheles , Spence Bate 

(Fig 162, p 271), Eryon, Desraarest (FosbiI) (Fig 185, p 308) 

Tribe 2 Scyllaridea 

Antennae without exopodite, first segment fused with epistoiue , 
none of the legs chelate except sometimes the last pair in the female , 
first pleopods absent. 

Family Palinoridae Palmuriie , FabnciUB , Lmuparus , White , 
Palm u rellits, von Martens Family Sc yllaridae Scyllarus , Fabricius, 
Ibaciis , Leach , Therms , Leach 

Section 2 Astaoura 

Abdomen a9 m Palinura , carapace not fused at sides with epistome , 
rostrum well developed , exopodites of maxillipeds as in Palmura ; first 
three pairs of legs chelate , no appendix interna on pleopods , exopodites 
of uropods divided by a suture , branchiae numerous. 

Tribe Nephropsidea 

Family Nephropsidae Xephrops 3 Leach , Nephropsis, Wood-Mason 
(Fig 161, p 270), Homarus, H Milne-Edwards Family Parabtaoidae. 
Parastacus 3 Huxley , Paranephrops , White Family Abtagidae Astacus 3 
Fabncius (Potamobiu& 3 Samouelle) , Cambarus , Erich bo n 
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Section 3 Anomuha 

Abdomen liirtily as m Palmura, generally eoft, or bent upon itself, 
>lenm generally small or absent, tail-fan often reduced , carapace not 
used witli epiatome, e\opodites of maullipeds with flagella, when 
^resent, bent inwards , third legs unlike the first, never chelate , ap- 
pendix interim sometimes present, uropods rarely absent, exopodites 
imnotimes segmented , brnuchine few 

Trxdi2 1 Galatheidea 

Abdomen bent upon itself, symmetrical, body depressed, rostrum 
iflen well developed , first legs chelate , tail-fan well developed. 

Family Ana leidae Acglca^ Leach Family Uroptychidae Urop- 
j/r/ncs, Hendeison , Chuoatylus , Ortmann Family Galatheidae Sub- 
family Galai’heinae Galathccij Fabncius, Mumdct , Leach (Fig 150, 
t 200) Sub-Family Munidopsinae Mumdopsis, Whiteaies Fannh 
'oroeiJjANIDAb Porcellam, Leach , Petiolisthes, Stimpson 

TR113E 2 THALABblNIDEA 

Abdomen extended, symmetrical , body compressed , rostrum some- 
lmes well developed , first legs chelate, rarely sub-chelate , tail-fan well 
e\ eloped 

Family Axiidae Axiu*, Leach (including Eiconaxuis , Spence Bate, 
nd h qiicli lopxi-R) Alcock (Fig 149, p 260), as subgenera), CViZoeam, Bell 
\ 1 m 1 ly Laomediidak Liwmcdia , de Haan , Jaxea , Nardo Family 
Iallianabsidae. Sub-Fnnnly Callianassenae. Calhanassa , Leach, 
kdlmmth'Ui H Milne-Edwards Sub-Family Upogebiinae. Upogebia , 
ieach ( = Qcbut , Leach). Family Thalassinidae Thalamna , LatreiHe 

Thibk 3 Paguridea. 

Abdomen nearly always asymmetrical, either soft and twisted or bent 
nder thorax , rostrum generally small or absent, first legs chelate , tail- 
111 not typical, uropods (when present) adapted for holding the body 
ito hollow cdijects 

Family Pylochflidae. Pylochelcs , A Milne -Ed wards (Fig 151, 

. 261) Family Paguridae, Sub-Family Pagurinae Pagunus, 
I'abncuiH , OhhmtnuH , Dana Sub-Family Eupagurinae. Eupagurua , 
U aiult , fynrapagiLrua , Stnupson , Pmapagurus , S I Smith (Fig 183, 

306) Family (Jomnouitidae Goenohta , Latreille, Ito gits, Leach 
Fig 102, p 262) Family Lithodtdae Sub-Family Lithodesjae. 
a thodes, LnfcieilJe ; Ncahthados, Milne-Edwards and Bouvier (Fig 153, 
. 262). Sub-Family Hapalogastrinae. Hapalogaster , Brandt 

Tribe 4. Hippidea 

Abdomen bout under thorax, symmetrical ; rostrum email 'or absent, 
rat lege etyliform or Bub-clielute , tail-fan not adapted for swimming 
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Family HYMENObOMiDAE Hymcno&oma , DesmfireBt Family Matidae. 
Sub-Family Inachinae. Incubus , Fabricate , Macrochcu a, ilci Haan , 
Macropodia , Leach Sub-Family Acanthonyghin ua Auinthony xt, 

Latreille Sub-Family Pisinae Pisa, Leach , Hyas, Leach Sub-Family 
Maiinae. Maia, Lamarck ( = Mamaia, Stebbiug) , Pcnceia , Latreille , 
Mithrax , Leach Family Parthenopidae Sub-Family Parthenopinae 
Parthenope , Fabnciua , Lambiux , Leach Sub-Family Eumedoninae 
Eumedonus , H Milne-Ed wards 


Liteiiaii HE 

1 Alcock, A Hatenals for a Carcmological Fauna ot India Nos 1 to 6 

(Brachyura ) Jouin Asiatio Soc Bengal, lxiv, Ixv , lxvn , lxvm , lxix , 
1895-1900 

2 An Account of the Deep - Sea Br.ichyura collooted by the 

“ Investigator,” pp 11 + 85, 4 pis 4to Calcutta, Indian Museum, 1899 

3 A Desonptive Catalogue of the Indian Deep-Sea Macriua and 

Anonmla , pp 286 + iv, 3pls 4to Calcutta, I ml mil Museum, 1901 

4 A Catalogue of the Indian Decapod Crustacea in the Indian 

Museum Part I Biachyuia Fa9cicuhiB 1, Iutioduction and Dronudos 
or Dromiacea, pp ix +80, 8 pl9 , 1901, Part II Aiiomuift Faso 1, 
Pagundes, pp xi + 197, 16 pis, 1905 , Pait III Mnonua Faso. 1, Tlio 
Pi awns of the Pencils Group, pp 55, 9 pis , 1906 

5 Pate, C Spence Report on the Ciustacea Maciuia Rep Voy “ Cliallengcr,” 

Zool xxiv pp 90 + 942, 157 pis , 1888 

6 PeU, Thomas A History of the British Slalk-eycd OniHtuoan Svo 

London, 1853 Issued in parts, 1844-53 

7 Poas , J E V Studiei o^er Decapodeinos SlaegtskahHforhold Kgl 

Danshe Vidensk Selsk Sknfter (6), 1 (2), pp 25-210, 7 pis , 1880. 

® Kleinere carcinologische Mittlieilungen 2 Uebcr ilou ungleichon 

Entwicklungsgang der Salzwasaei- und der Susswassei-Fonn von Palac- 
monetca vauans Zool Jahrb Ahtli Syst iv pp 793 805, pi xxm , 
1889 

9 Porradailc , L A Land Crustaceans , Manno CniBtaccans, pts 1 -vu , 
ix -xi , xin Gardmei's Fauna Maidive and Laccadivo Archipelagoes 
Cambridge, 1901-1904 

10 On the Classification of the Decapod Cmstaceans Ann Mag. Nat 
Hist (7), xix pp 457-486, 1907 

11 Bourne >, EL Le systfeme neiveux dea Ciustacea Dtaapodea ot sea lappmts 

avec l’appaieil circulatone Ann Su Nat Zool (7), vu pp 73-106, 
pi mi, 18S9 

1- Recheiches anatonnques sur le systeme artuuel des Crustacea D6oa- 

podes AnnSci Nat Zool (7), xi pp 197-282, pis vm -xi , 1801 
11 Sur 1 ongme liomanenne des Crabes J&tude comparative dee Dro- 

miacefa vi\auts et fosailes Bull Soc Philomath Pans (8), viii nn 34- 
110, 1806 

14 PiooJcs, IV K Lucifei A Study iu Morphology Phil Trans. clxxm un 

67-137, 11 pis , 1882 1 1 

15 Pumpus, H O The Embryology of the Amei ican Lobster Jouin Morph. 

v pp 215-262, pla xiv -xi\ , 1891 



THE DEC A POD A 


317 


1(5 (Awfu'n, JI, Los “ A1 |»lioi(luv, v> Morphologic mtmne ot interne, fomies 
lid vim cm, Itioikmnii 1 Ami Su Nut Zool (8), ix pp 1-559, pis 1 -vi , 
I HDD 


17 Jhifb in, E Him hymn Wish JCi^ob doutsehon Tiofaco- Expedition 
“ \ r ah! l viu, *' vi |»p xii I 311, mill Atlus, 58 pis , 1904 
IS Ftnuii, IT A KmiHion ol tlm AHUuiltm Mem Muh Comp Zoo] Haivaul, 

\ No 1, pp, \H 18l», 10 pis , 1 SH5 

] '» — - Ropmis . “ AllmtiosH." X V The Stalk- Eyed Crustacea Mem 

Muh Comp Znnl Ilmvurd, win jip. 202, 67 pis nnd map, 1895 
JO mm, J. /’ Itcpm l 011 tin 1 An 01 mu u llup Voy “Challenger,” Zool. 

wvu pp 7 I *215, 21 pin, 1888 

21 Ih 1 1 id , F if. 'rim Ameuum Xinbatei A Study of its Habitq and Develop- 
ment Mull IJ S Fish Commission loi 1805, pp 1-252, 64 pla , 1895 

2' 1 . Hut /(if, T If On tins Classiluiutnm and Distnbution of tlie Crayfishes 

l*i in 1 Znnl Sou riondrm, 1878, pp 752-788, 7 hgs 
2.1 Alan jut/, P. Itudierolins niintomnpiuH ot physiologirpiea bui l’appareil 
uxrnUiuii drs Crustotvs I) reap odes Aruli Zool expel (2), \ pp 57-276, 

0 pin , 18112 

21 Mum, A'. J On tlm Classification of llio Mmoid Ci'Ufltacoa 01 Oxyrhyncba, 
with a Synopsis ol this Fiumhus, Sub- Families, and Genera Joiun Linn. 
Sue. London, /mol \iv pp. 624 673, pis xu , xui , 1870 
— Itnpoit nil llio Hmoliyma Bop Voy “ Challenger,” Zool xvu pp 
50 I 362, 29 pis , 1886. 

2n. Mil m Ft Itnmhi // Observations hut lu aipiolotte tegumentairo des Cins- 

1 ii’i'H biMiipodi'M ot sur la mmphologio do 00 s anniiaux Ann Sou Nat 
Znnl (1), xvi pp 221 21)1, pin viu -\i , 1851 

27 Mil nr- 1&1 mu i/f, /., and 1 , F L ltopoita tc Blaka XXXIII 
Dfsinplinu drs ragunoim . . , Mom Muh Comp Zool Haivard, 
\iv No. 3, pp. 172, 12 pin., 1893; XXV. Description dos 1 Gala- 
1 lii>n los . ., 0/1. i'll \k. No 2, PP 111, 12 pis, 1897 , XXXIX Les 

DiniumeoH ot Oxystonws, op. at \xvii No 1, pp 127, 25 pla , 1902 
•is (luuMidmutioiiH gun' rales Hiir la fmmllo do Gulntheidife Ann. Sci 


•jo 


20 

31 . 

.I ,J . 

Ii: 1 . 

111. 

. 15 . 


Nul Zool. (7), wi. pp. 191-327, 1391 

_ CuimUumh Deuipndus . " IJnmidollo ” . ptio f Braoliyures et 

Anttmuri'H. ItrsulLnls dun Cam png nus scion Lilupios . . Monaco, Fuse 
vn. pp 112, 11 pin., 1891, iiIho Crusl Dcuup . . *‘ Hiiondello " (Suppld- 

inont) i'L . . • “ I’liliriiHMii Aliro," op. nt Ease xlli pp 106, 4 pis , 1899 
pi'il Si'i.'iiL dll n TirtViiUleui' 11 nt dn “Talisman" Crustac^s 

n.Vapudi’H, i m r il, \ in*, aim. 22 pi» , moo. 

\/,n ilium/, M. F Kn'hurulii'N iiiuilniniijuoH «iu l’estomac dea Cinstacds 
piidiiplilliiilmiuieH. Aun. Hoi. Nul Zool (0), wi. pp 1-311, 11 pis , 1883 
[ tiil/n, F Din Vmuaudliiug der Giii'iiuulon Aruli Natuigesch xxix pp 
8-23, pi. li., 1863. Tiu.nnln.tod m Aim Mag. Nat. Ilist (3), \iv. pp 104- 
llfl/pl. iv., 1HII1 

)i'tnmnn, L Dio Dtrapodoii-Krebso dos Hlrassbmgui* Museums 8 pts. 
Zo.,1. Julnli. Al.th, Hjst. v.-vn., 1800 1801 . 

Dus HyMtmn dor Dtioapodun-KiuliHu. Op. nt. i\ pp 409-453,1896 
l'rt u/m ( \ U r . Tlie Otocyst ot Decapod Crustacea , its Stiuctuie, Develop- 
vni'ii 1 • uiid Euiu'tioiiH. Hull. Muh. Cuinp Zool Iltuvard, xxxvi No 7,pp 


166 251, pin. l. n.i 1901. 

36 7V ibnuiu If. E\pisriinim tulle Htwliuii Uliei Hugo no ration 4 papers. 

ICnlWH’klungHineeliimik, si,, xiii., xix , x\v , 1901-1907 


Aich. 



318 t THE CRUSTACEA 

37 Raihbun, Mai y J Les Crabes d’eau douce (Potamonidae) 3 parts Nouv 

Arch Mus d'Hist Nat Pans, vi , vii , vm , 1904-1906 

38 Raichcnbach , H Studien zrn Entovicklungsgesdn elite des Plusskiobsos 

Abh Senckenbeig naturforscli Ges xiv (1), pp 137, 19 pis , 1886 

39 Sais , 0 0 Bidiag til Kundakaben om Decapodernes Foivandlmgei 3 

papers Arch Math Naturvid ix , xm , xiv , 1884-1890 

40 Thompson, J Vaughan Zoological Reseai dies, vol i 8vo Coik, 1828 



CHAPTER XVI 


THIS STOMATOPODA 


Division Hoplocarida 


Ordor Stomatopoda, Latrejlle (1817) 

Kutta definition of tlio Division Hoplocarida, see p 149 

Historical — The common and conspicuous Sqmlla mantis of the 
Mediterranean can hardly have oscaped notice in antiquity, and it 
is surprising that it cannot ho identified with certainty among the 
Crustacea mentioned by Aristotle It was described by Rondelet 
(1555) under the generic name which it still bears The group 
Stoninlnpod.L, as dofinod by Latieille in 1817, had practically the 
limits now assignod to it, though some larvae were admitted to 
generic rank along with the adults By H Milne-Edwards the group 
was extended to include not only the “Schizopoda,” but also some 
l.uval and adult Doeapods ( Phyllosoma , Leucifei -j etc.) Restricted 
by subsequent wntors to the single family Squillidae, the Order has 
generally been ranked along with “Schizopoda” and Decapoda in 
the group Podophthahna, though Huxley and, later, Grohben have 
pointed out the groat diffei dices separating the Stomatopoda from 
the other stalk-eyed groups 

Thu Hint details as to tho larval metamorphosis of the Order 
were given by E. Muller (18C2-64). Claus, in a remarkable memoir 
(1871) trailed out several developmental series Later workers, 
especially Brooks (188G) and Hansen (1895), have succeeded in 
lefornng many larvao to tho various genera and species of adults 
It is to ho noted, however, as Hansen has pointed out, that the 
number ef specific forms among the larvae exceeds that of the 
known wliilt Rpooios. 

Morphology 


The gonoral appearance of the Stomatopoda is highly character- 
istic and very constant throughout the group Its most striking 
features are due to the groat development of the abdominal region 
and its appendages, the small size of the carapace, and the large 
ami peculiarly formed rapton&l limbs 

319 
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The body (Fig 186) is more or less flattened dorso- von trail} 
The carapace is fused dorsally with at least two of the thoracic 
somites, two others are represented by indistinct vestiges over- 
lapped by its hindei edge, while the last four are free and com- 
pletely developed The lateral wings of the caiapaco pi eject moie 
or less horizontally, loofing ovei on each side a widely open channel 



Sqitilla mantis, male, from tlw aide a\ anUnnule , a', luitnmm , j>, pi'iiN , *>, hi u In ul 
exopodlte of untenmi , f/i 1 , f/* 3 , th H , first, set uml, und lout tlmuu It* appcndu^i s 


within which lie the epipodites of the anterior thoracic appendages, 
and which corresponds to the branchial cavity of other forms 
Anteriorly the carapace does not extend to the fiont of the head 
(Fig 187), leaving uncoveied two movably articulated segments, 



Anterior part of body of Squillct mantis, from uIkjui a\ antonnulo, tt", nntomin, a 
antennular segment of head , i, carapace, o s, oplitl in.li nic eegment of hornl , r, roHtml plate , 
sc, scale or exopodlte of antenna 


which cairy respectively the eyes and the antennules, and which 
are commonly regarded as representing the ocular ( o.s ) and 
antennular (as) somites A 1 small rostral plate (r), movably 
articulated with the front edge of the carapace, overlies the 
antennular segment 

That part of the head lying between the point of attachment of 
the antennae and that of the mandibles is much elongated, forming 
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form. The third, fourth, and fifth pairs undergo retrograde changes, 
losing their oxopodites and remaining for some time as shapeless 
stumps, only later to resume their course of development into 
chelate limbs It does not seem to be the case, however, as is 
sometimes stated, that they actually disappear The last three 


A 



Fin 191 

CcmHi'cutivn HtaKiw of a Iiuvil of tlio llrot KMtliHN-ty]H' (According to EnnHOii, tlm larva 
ropi nuimtod in U anil D bnlongn to ft illUbnint HpflilnH 110111 tlionn nhown in A and B ) rr', 
anbonimlo . a ff , auLanim , rt 1 , llrat plwipml , if**, uropa<l , 1-V, ilrat llvn thoracic appendageH , 0 8, 
Dwt tliruo thoracic noihILhh (After Olaim, from Kornuholt and lluiiltn'n KmbrniUinj}i,) 

thoracic somites remain for a long time devoid of appendages, and 
it is only at a late stage, when the appendages in front and behind 
are well developed, that rudiments of appendages begin to appear 
on them (Fig 192). The adult form is only assumed after a 
considerable size has been reached, the carapace diminishing in 
size, becoming coalesced with the anterior thoracic somites, and 
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losing its spines, and the appendages gradually assuming then 
definitive characters. The development of the antennae appears 
to be peculiar in that the endopodito develops ns a lateral blanch, 
the distal portion of the laival append- 
age becoming the huge oxopod 

In a socond series of laival fnnns oi 
the JJJncldInts-ty\w (Fig llb'l), belonging 
to the genera J^cmlmchthns, (/oitmchl/m, s, 
etc (Rscmdosfjmlla and Gonailaclt/lus), the 
youngest stage known possesses alrendy 
four or five pairs of pleopods, and the 
last six thoracic somitos mo without any 
trace of appendages. 

The larvae of the Alma - type (Fig 
194), belonging to the genus Squill u, aio 
known to leave the ogg at a stage coi- 
respondmg with that last described. 
They are distinguished from all the pre- 
ceding forms by the generally more 
Blender body and short and broad cara- 
pace, and more constantly by differences 
in the armature of the telson and raptorial 
limbs 

Lister has described a very remark- 
able larva, which appears to conespond 
to a metanauphus- stage The foim of 

the carapace makes it very probable that, 
it belongs to the Stomatopoda, and, if 
so, it shows that somo members of the 
order leave the egg at a much oarliei 
stage than has hithoito boon supposod 
The great size attained by some of 
these larvae, especially by tlioso of tho 
Alima-typo, which may oxceod two and 
a half inches m length, has given nan to 
the suggestion that they aro abnormally 



Fiq 102 

Later larva of the first Erkh 
thus - type a', antennule , a", an- 


h ypertrophied forms which, by being 

raclc appendices fAftnr niimn SWftnt nut fn can . i 


raclc appendices (After Claus, 
from Korsehelt and Holder's Ajo- 
bryology ) 


swept out to sea, have been provonled 
from completing their metamorphosis. 
As m the similar oases of tho 1‘Iivllu- 
soma-larvae among Decapods and the Leptoccjilialns - larvae of cols, 
3°™’ there appear to be no grounds for accepting this view 
and it is definitely rejected by Hansen as a result of his extensive 
studies on the group. vu 

The metamorphosis of the Stomatopoda is of groat importance 
in elpmg to interpret the larval forms of the Decapoda Whilo 
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1 lif ivj'iiltir nriliT i»f ditlbivn tuition of the somites from before back- 
ends is pi osci ved, the lotunlcd appearance of the posterior thoracic 
.i|i|U'!jilit‘'i k s shows the beginning of tho process whioh has led to the 
siippi 4 'ssinu of I huso somites and appendages 111 tho typical Zoea. 

Notks on IIauivk, ktu 

The Siiminiojmila aio exclusively marine, tho adults generally 
inhabitin'' liiuums in the wind or mud of tho sea-bottom 111 shallow 



^^‘'uVo™c1L';u'.p 0 T nrt, , ^’ 

HI, 1 (rum km -lull iiinl Il.'U’r'h b inhriinhw ) 

it .-r (up in 1K0 fathoms), ehioiiy in tho tropics, hut extending 
,u tn Hritaiu ami dapmi, and Houth as far an Auckland Many 

:r;,rSor »«. ^ u thou- 

| u ty r ,>tri'Ht. with groat rapidity whon alarmed, and avo thus »m 
tlilaiiintl h\* the ordinary method* of collecting. Tho larval stages 
m the other hand, aro oxclnmvoly pelagic, of glass-like transparer i y, 
U <uH «r in great muni, ora in tho plankton of tho wanner seas 
U1 tho Stumatopoda appear to ho of ftetov -o, prod £t°ry habts. 
angr in *ue within the group is about from 38 to 340 mm. 



33 ° 


THE CRUSTACEA 


Palaeontology 

The oldest undoubted Stomatopods are found in the Jurassic 
rocks of Solenhofen, and are referred to the genus Scnlda , Munster, 
differing m many details fiom the living forms Species referred to 
the genus Squilla occur in the Cretaceous deposits of Wostphalu 



Fin ll>4 

Young larva of the type antennuln , rt", untennn , rU-/r n , plnoporiu, 1, If, HihI 

and second thoracic llmba, 0 8, last three thoracic HomltoH (After lironkn, IVom* KniHclinlb 
and Haider’s Embryology ) 

and the Lebanon, in which latter larvae of the Erichthus-typo have 
also been recognised Species of Squilla also occur m the London 
Clay and other Tertiary deposits 

Affinities and Classification. 

Perhaps the most aberrant character of the Stomatopoda, and 
one which separates them not only from the other Malacostraca 
but from all other Crustacea, is the presence of distinct and 
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a narrow “ neck,” which, except for the lateral wings of the carapace 
projecting on either Bide, recalls the similarly formed “neck” of 
Leucifer and of the Ti achelifcr-l&TVQ, of Jiwea The anterior thoracic 
3 omites are much, abbreviated and crowded together The first and 
second are apparently not distinct from the carapace in the adult 
The third and fourth are at most represented dorsally by small 
aclentes overlapped by the hinder part of the carapace The 
3fth and succeeding thoracic somites are complete, and movably 
irticulated The abdominal somites often increase in width 
posteriorly, and their horizontally extended pleural plates may 
become greatly expanded m certain species. 

The teUrt*i (Fig 188, t) is very broad and its posterior margin 
s generally cut into sharp teeth , it is firmly united to the preced- 
ng somite 111 certain species of Gonodaetylus ( Protosquilla , Brooks) 
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The sul face of the carapace and of the body-somites is often 
irnamented with longitudinal keels, and the telson is always more 
>r less elaborately sculptured 

Appendages — The mtenmdes (Fig 187, a) have an elongated 
ledunole of tluee segments, which bears three comparatively short 
lagella Of these, the two on the outer side spring from a 
iommon stalk which is unsegmentod ; the inner flagellum is also 
insegmented for a short distance from its base 

The antennae (Fig 187, a") have a protopodito of two segments, 
i large exopodito, and a comparatively feeble endopodite. The 
jxopodite consists of a small basal segment and an oval mem- 
branous scale (sc) with setose margins, the ondopodite has two 
dongatad proximal segments and a short flagollum. 

The mandibles (Fig. 189, A) carry a slender palp of three 
segments The oral edge is crescentic and strongly serrate, its 
two cornua corresponding respectively to the incisor and molar 
processes of other Malacostraca The proximal cornu projects 
upwards into the cavity of the mouth. 

The maxillulac (Fig 189, B) have two endites, the distal 


21 



322 


THE CRUSTACEA 


one terminating in a strong curved spine. A vestigial palp is 
present (p ) 

The maxillae (Fig 189, C) have a peculiar and characteristic 
form which cannot be closely compared with that of the corre- 
sponding appendage m other Malacostraca. They appeal to consist 
of four segments, of which the fiist and second aie indistinctly 
separated 

The first five pairs of thomcic appendages are similai m stiucture 
and are commonly called maxdlipeds, though, as thoy possess no 
endites or other adaptations for mastication, the name is hardly 
appropriate Each consists of only six segments (there is no 
evidence to show how these are related to the soven segments 
commonly recognised m other Malacostiaca) and terminates in a 
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prehensile “hand * or sub -chela, there aio no oxopodites, but 
epipodites (Fig 190, A, ep ) are present on all fivo pairs in the 
form of discoid membranous plates or vesicles attached to the 
basal segment by a narrow neck The fiist pan of limbs (Fig. 190, 
A) are long and slender and the terminal segment is minute ; the 
second pair are very massive, foimmg powerful weapons (Fig 'l86, 
tfi 2 ), the third, fourth, and fifth pairs lesomblo each other and are 
less powerful In each case the terminal segment is flexed upon 
the preceding one m such a way that its point is directed forwauls, 
an arrangement which recalls the peculiar inverted chela of the 
Amphipod {Tmchizostoma The last three pans of thoracic limbs 
(Fig 186, th B ) are slender, biramouB, and without epipodites. The 
protopodite is very distinctly composed of three segments, of which 
the second is elongated Tim inner (and antenor) of the two 
rami is the stouter and consists of two segments , the outer is 
slender and unjomted According to Glaus, the development of 
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tho limb shows the outer branch to be the endopodite and the 
inner the exopodite, the relative positions of the two being reversed 
in the course of development 

The pleopods (Fig 190, B, C) are remaikable m cariymg the 
branchial apparatus. The broad and flattened protopodite has 
articulated with 'it at some distance from each other the endopodite 
and exopodite, each of which is lamellar and membianous and is 
obscurely divided into two segments From the inner edge of the 
endopodite springs a short appendix interna ( 2 ), bearing a group 
of coupling-hooks The branchiae ( h ) consist of a main stem 
springing fiom the anterior face of the exopodite near its base, 
extending horizontally inwards, and carrying on its lower edge a 
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series of tufts of ramified branchial filaments’ In the female all 
the ploopods are similar, but 111 the male the first pair have the 
endopodite modified. 

Tho uropoch form, with the telson, a broad tail-fan (Fig. 188) 
The short protopodite runs out into a flattened plate (p ) lying 
between and below the rami, divided distally into two sharp teeth. 
The exopodite is distinctly divided into two segments 

Alimentary System — The stomach is large and thin-walled and 
is divided into two chambers Its armature is slightly developed 
as compared with that of moat Decapods Tho anterior or cardiac 
chamber is large and extends in front of the mouth as far as the 
baso of the rostrum. In its posterior wall lie two pairs of rod-lilce 
scloritcs, tho upper pair articulating with an unpaired plate which 
forms the floor of the smaller pylonc chamber and projects as a 
median keel into its cavity. The intestine is veiy narrow, hut 
expands somewhat at about the fifth abdominal somite to form the 
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rectum. A pair of glandular sacs lying in the telson on either side 
of the anus have been observed m the larva and perhaps open into 
the rectum. It is not known whether they persist in the adult 

The digestive gland is very voluminous It forms a compact 
mass of glandular tissue closely investing the intestine throughout 
the whole of its length and sending out on each side a senes of 
diverticula segmen tally arranged conesponding to the last three 
thoracic and the abdominal somites, and it finally terminates m a 
senes of ramifying processes, which radiate thioughout the telson 
and even penetrate into the peduncles of the uropods It was 
formerly stated that this gland originated as a series of segmentally 
arranged diverticula from the alimentary canal, and that it com- 
municated with the intestine by a senes of apertures on each side 
throughout its whole length It appears, however, that this is not 
the case, but that the gland-follicles open into a pair of longitudinal 
ducts which unite to enter the dorsal part of the pylonc chamber 
of the stomach 

Gwculatoiy System — The Stomatopoda are unique among the 
Eumalacostraca m possessing an elongated tubular heart extending 
through nearly the whole length of the thoracic and abdominal 
regions, and provided with numerous segmentally arranged pans of 
ostia 

The details of the circulatory system .have been most fully made 
out m the later larval stages by Claus, but the older accounts of the 
adult by Audoinn and Milne-Edwards and by Duvernoy, though 
incomplete, show that no very profound changes occur m the adult. 
The anterior part of the tubular heait, lying in the maxillary region, 
is dilated, and its dorsal wall is perforated by a pair of large ostia 
Antenorly, it gives off a median aorta which sends branches to 
brain, eyes, antennules, and antennae, and a pair of anteio-lateial 
arteries to the carapace and viscera Behind the region of the first 
thoracic appendages the heart is of uniform diameter, and bears 
twelve pairs of ostia and fourteen pairs of lateral arteries arranged 
for the most part m correspondence with the segmentation of the 
body Posteriorly the heart is continued into a Bhort caudal aoita 
running into the telson 

From one of the lateral arteries of the first pair there originates 
an unpan ed artena deBcendens, which pierces the ventral ganglionic 
mass between the fiist and second thoracic ganglia, to communicate 
with a subneural artery which underlies the nerve-cord throughout 
its whole length. This subneural artery further communicates 
with the heart by means of its lateral branches, which anastomose 
in the various somites, sometimes on one side, sometimes on both, 
with branches of the lateral arteries Capillary networks of great 
complexity are formed in the brain and m the ventral ganglia. A 
point of some interest is the unBymmetrical origin of the arteries 
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which supply the rostrum and the dorsal “ Zoea "-spine of the larval 
carapace 

The blood from the lespiratory appendages of the pleopods 
passes to the pericardium by a senes of afferent canalB in the 
abdomen. 

Eimionj System — It is stated by Kowalevsky that the maxillary 
gland is well developed in the Stomatopoda, but no details as to its 
structure appear to have been published A papilla on the posterior 
surface of the maxilla in Squilla mantis (Fig 189, C, 0 ) bears a 
mmute terminal pore which may be the aperture of the duct of 
this gland 

j Nei'i'ous System — The oesophageal connectives are elongated, 
and a poatoral antennal commissure is present The first eight 
pairs of ganglia in the ventral chain are coalesced, but the remain- 
ing nmo are widely separated 

Sensc-Oi yans — The paired eyes are always set on movable 
peduncles and vary greatly 111 size in the diffeient species The 
nauphu s-eye, often present in the larvae, does not appear to have 
been found 111 the adult Sensory filaments aie developed on the 
outer branch of the external flagellum of the antennules 

Repiodudive System — The testes lie in the abdomen and have 
the form of fine convoluted tubes uniting posteriorly in an unpaired 
piece whioh lies in the telson and passing anteriorly into the vasa 
ileferentia Each vas deferens opens to the extenor at the end of 
a long poms springing from the inner side of the proximal segment 
of the last thoracic appendage, and diffenng from the corresponding 
in gans of other Malacostraca not only in its great length but also in 
the fact that it is more or less strongly chitimsed and is divided by 
1 movable articulation about the middle of its length In the 
posterior thoracic somites lie a pair of convoluted tubular glands 
which in their form and disposition have a remarkable similarity to 
bho testes, being united anteriorly by a short unpaired piece and 
3UU tinned posteriorly into ducts which traverse the penes along- 
3ide of the vasa deferentia and open beside them at the tip. These 
glands and their duets never contain spermatozoa and their function 
ih unknown. The spermatozoa are spherical in form, without pro- 
cesses of any kind, and appear to be simple nucleated cells 

The ovaries are, in the mature female, very voluminous and 
closely approximated, so that they appear to form a single-lobed 
mass which extends through the abdomen and as far forward as the 
hinder limit of the carapace. In reality the two ovaries are only 
united, os is the case with the testes, by an unpaired portion lying 
in the telson. The oviducts open near the middle line on the 
eternal surface of the sixth thoracic somite, together with a small 
pocket-like invagination of the integument which functions as a 
recoptaculum semims. On the ventral surface of each of the three 
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last thoracic somites of the female lies a glandulai mass, sending 
numerous fine ducts to the exterior This is in all probability to 
be regarded as a cement-gland 

The eggs are of very small size, and aie agglutinated together 
into a cake-like mass which either lies free in the burrow inhabited 
by the female or is carried by means of the last three pairs of 
chelate feet 

Development 

Little is known of the embryonic development of the Stomato- 
poda, but their later history is extremely remarkable, on account 
of the prolonged larval life, the complicated metamoiphosis, and 
the fact that the larval forms of the various species differ from each 
other more widely than do the adultB The later stages, which 
may reach a gieat size, form a conspicuous element of the pelagic 
fauna in the warmer seas, and many species were described by the 
older observeis as adult animals under several generic names It 
is very probable, as Hansen points out, that several forms of larvae 
belong to species and even genera which in their adult state are 
still to be discovered 

Two mam types of larvae can be distinguished, corresponding 
to the old genera Enehthus , Latreille, and Ahma , Leach, and the 
former can be further subdivided into a number of larval genera, 
Gonenchthus , Lysioenchthus , etc 

Though the earlier stages of all these are still very imperfectly 
known, it is certain that great differences exist between them as 
to the degree of development at the time of hatching. The 
longest series of larval stages appears to be passed through by 
certain Enehthus- forms, especially by those to which the names 
Lysioenchthus and CoionidenchtJuis have been given (larvae of Lysw- 
squilla and Coiomda) In the youngest known stage of this series 
(Fig 191, A) three regions of the body can be distinguished (1) 
An unsegmented cephalic region bearing the median and paired 
eyes, antennules, antennae, mandibles, maxillulae, and maxillae, 
and giving rise to the great carapace which envelops the greater part 
of the body, (2) athoiacic region of eight somites, all of which are 
free from the carapace, the first five bearing biramous swimming- 
feet, while the last three are without appendages , (3) a broad tail- 
plate representing the still unsegmented abdomen In the following 
stages the abdominal somites are successively segmented off m front 
of the tail-plate, which remains as the telson, and their appendages 
at the same time develop m regulai Older from before backwards, 
the uropods at first not differing from the appendages 111 front of 
them and not preceding them in order of development The first 
and second thoracic limbs early lose their exopodites, and the 
second pair become greatly enlarged and assume their characteristic 
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novnble ophthalmic and antennuUr “somites” Whatever be the 
norphologicnl value of these segments of the head, there can be no 
ioubt that their separation m the Stomatopoda is a secondary and 
lot a primitive character 

Tho movable rostral plate is a character of some interest from 
ts resemblance to that of the Leptostraca , but it is to be noted 
.hat the spimfom rostrum of the larval Stomatopod is not articu- 
atod, while, on the other hand, the Decapod Ehynchncmetes shows 
;ho possibility of tho ordinary rostrum becoming divided off by a 
novable joint from the carapace 

The lamellar epipodites of the first five pairs of thoracic limbs 
’ocall thoso of tho Syncanda , the bifurcation of the outer flagellum 
of the antennules is only paralleled among the Candean Decapods , 
,ho modification of the first pair of pleopods in the male may be 
lomparod with that found in the Euphausiacea and the Penaeid 
Decapods , the possession of an appendix interna on the pleopods 
ls shared by the Leptostraca and the lower Eucanda. Other 
3haractors, such as the structure of the maxilla and the segmenta- 
tion of the thoracic limbs, cannot be closely compared with those of 
any other Malacostvaca It seems most probable that the Stomato- 
poda are a lateral offshoot from the mam stem of the Malacostraca, 
of which, in the absence of connecting links, it is as yet impossible 
to determine the exact relations 

The existing Stomatopoda form a very homogeneous group, 
within which only one family can be recognised, while many of the 
geneia are separated by comparatively slight differences 

Order Stomatopoda, Latreille (1817). 

Family Squillidae Sqmlla, Fabriciua (Fig 186); Lysiosquilla , 
Dana, Pseudosquilla, Dana, Oonodactylus, Latieille, Coromdct, Brooks. 
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Beynchia , 68 

Bvgus, 261, 262, 284, 303, 
304, 313 

Boos, 148, 171, 244, 264, 
256, 259, 268, 274, 309 
Bodotna, 188 
Bodotmdae, 188 
Boeck, 225 
Bomolochidae, 103 
Bomolodius, 103 
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7,214, 215, 
221 

definition, 
of Isopodn, 


3, 175, 170, 
2 

277, 303, 


256, 266, 
U 308 
225 

253 , defim- 
, 253 , do- 
, definition, 
liopoda, 37, 
72 

of Ampln- 
f CIrripedia, 
nocen, 184, 
apodo, 276 , 
cea, 246 , of 
, of Mysi- 
of Ostra- 
4 , of Sto- 
23 , of Syii- 
, of Tanai- 

nlfui, 280 _ 
In, 280 
17, 30, 38, 

1 , aillnltuus 
.ution, 51 ; 
9 , dovolop- 
labitH, etc M 
a notes, 29 , 
31 , pnlftu- 

of Ducn- 

, 53 

,60 

, 15, 18, 24, 
43, 45, 46, 

71 , 100 , 

tiou, 104 , 
, 99 , mor- 


BianJiuropua , 207, 219 
Brasilia , 311 
Bie^iiliidaii, 311 
Bridson, 3 

Biooks, 292, 295, 319 
Bmutz, 110 

Bi mdi-liko appendage of 
Oatiaooda, 62 
Buccal irumo of Bmcliynro, 
257 

Budde-Lund, 196 
Bailor, J F , 197 
Buriiioiflter, 91, 107, 147 
Bf/tlwtnphes, 64 

Gabuojis, 221 
Cnbiiopmdue, 221 
Cnlniudae, 102 
Galanus, 8, 12, 13, 73, 74, 
88, 89, 102 
Galap/ja, 314 
Oalnppldao, 314 
Calnpplnae, 314 
Cnl< eoli ol Ampliipoda, 237 
Cnligidau, 76, 91, 103 
Galiy its, 72, 83, 103 
Callianima , 250, 283, 301, 
307, 313 

Ciillianasaidae, 313 
Vtdhamdca \ 274, 313 
CaUiaa is , 301 
CiUhopudiic, 241 
Calf inputs, 241 
Galen alarms, 75, 102 
Certncarw, 301, 313 
Cnlyptomuni, 29 , defini- 
tion, 58 

CalyptupLs-&bi\gu of En 
pliaiiHiucen, 249 
Cetmbaius, 291, 312 
Campecupea, 220 
Canipi/laspt8, 185, 186, 188 
Cancer, 3, 254, 316 
CanMrilla> 82, 103 
CfuiLrldiie, 316 
Cuncilimo, 315 
Cmicnon, 216, 221 
OantiaLia, 102 
(Jaiidociidau, 102 
Canthocamptus, 103 
Cmiu, 86, 101 
( 'etphym, 316 
Capliyriuiiu, 315 
Cnpltuluiu of Clrripedia, 
109 

Cajrrella , 224, 227, 233, 

242 

Cnprellidne, 226, 231, 232, 
233, 236, 242 
Caprellidea, 224 , dofiui- 
tiou, 242 


Carapace, 6 , of Biancluo- 
poda, 31 , of Branclmira, 
95 , of Cumacea, 184 , 
of Decapoda, 265 , of 
Euphniibiacea, 242 , of 
Luptostracn, 151 , of 
Malacohtraca, 144 , ot 
Myaidaceo, 171 , of Os- 
tracoda, 56 , of Sto- 
niatopoda, 320 , ofTanni- 
dacoa, 191 
Carunules , 315 
CarLinnme, 316 
Cnrcmoplaciuae, 316 
CaicmnpUtx, 316 
Oat units, 303, 305, 316 
Gai d isatna, 284, 315 
Carl den, 253 , definition, 
311 

Qandina , 266, 277, 311 
Caruloid faclee ol Malaco- 
Btraca, 144 

Carina of Cimpcdia, 110 
Cm mo -lateral platoa of 
Cimpedin, 111 
Caipenter, 218 
Carpilunae, 316 
(Jew pil ius, 258, 316 
Carpopodito, 146 
Carpus, 140 
Canipa, 316 
Carupume, 316 
Qassuliiut, 204, 220 
Castration, paromtic, 292 
Catometopa, 290, 310 
Caloph? agmu8, 111, 140 
Catoptrliiau, 316 
Catuptnis, 316 
Caudal furoa, 7, 35 ( sec 
Furcn) 

Ci ml lory, M , 214 
Ciivoliiu, 254 

Commit glands, 20 , of 
Ciinpudm, 116 
Centtupuyes, 77, 102 
Centro] ingldoe, S3, 99, 102 
Uuphallc lluxuro of Doca- 
podn, 257 
CeplmlogaBtor, 208 
Ceratasplnno, 278, 810 
Comtaspis, 279, 280, 310 
Gcrtthocai'is, 150, 100 
Ocratoeyitma, 188 
Goratocnmidne, 188 
Gcratolhoa, 220 
Gt reaps, 232, 240, 242 
Cervical groove of Decn- 
poda, 256 , of Synentida, 
168 , of Mysidacen, 171 
Gemma, 103 
Octochilus, 88 
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Ckaetilia , 220 
Chaetiliidae, 220 
Chahmua , 91 
Chelipeds, 271 
Ghelura, 241 
Chelundae, 241 
Ohiridotea , 199, 202, 208, 
210, 220 

Ghn ocephalus, 30, 30, 63 
Ghvroatylus , 313 
Chondracauthidae, 82, 92, 
103 

Chondmcanthua, 86, 103 
Chonwstoma, 103 
Chomostomatidae, 80, 93, 
103 

Chonopeltis , 104 
Chthamalidae, 140 
Chthnmalinae, 111 
Chthamaliis , 112, 140 
Chun, 19, 24 4 
Chydouta, 63 

Circulatory system, 16 , of 
Amphipoda, 234 , of 
Branchiopoda, 43 , of 
Brauchnua, 98 , of Cim- 
pedia, 115 , ot Copepoda, 
82, of Cumacea, 187, 
of Decapoda, 283 , of 
Euphausiacea, 247 , of 
Isopoda, 208 , of Lepto- 
Btraeo, 156 , of Mysi- 
tlacea, 177 , of Ostracoda, 
64, of Stomatopoda, 32, 
of Syncarlda, 166 of 
Tanaidacea, 193 
Cirolana, 198, 199, 219 
Cirolaumae, 198, 216, 219 
Cirrhip&des, 107 
Cim of Cirripedia, 114 
Cimpedia, 1 , affinities and 
classification, 138, defini- 
tion, 106 , development, 
121 , habits, etc , 137 , 
historical notes, 106 , 
palaeontology, 138 
Cladocera, 1, 29, 40, 49 , 
definition, S3 

Cladocopa, 1, 56 , defini- 
tion, 69 
Claspers, 11 

Classification of Amphi- 
poda, 239 , of Branchio- 
poda, 62 , of Cimpedia, 
138 , of Copepoda, 101 , 
of Cumacea, 188, of De- 
capoda, 309 , of Euphau- 
siacen, 251 , of Isopoda, 
218 „ of Leptostraco, 
100 , of Molocostraca, 
147 , of Mysidncea, 181 , 


of Ostracoda, 68 , of 
Stomatopoda, 330 , of 
Syncarida, 168, of Tau- 
aidacea, 194 

Claus, 3, 7, 10, 30, 36, 37, 
62, 56, 67, 72, 70, 77, 
79, 85, 88, 98, 101, 107, 
146, 147, 151, 190, 191, 
194, 213, 225, 240, 244, 
249, 254, 275, 292, 319, 
322, 324 
Olausia, 103 
Clauflidiidae, 103 
Clausidium , 103 
Clausiidae, 103 
Olibanai bits , 313 
Chatosaccu8, 130, 131, 141 
Glypeoniscus, 221 
Clytemnestra, 103 
Coelom, 16 

Coenobita , 284, 288, 303, 
304, 313 

Coenobitidoe, 259, 261, 313 
Colomastigidne, 241 
ColomastiXj 241 
Commensalism of Decapoda, 
304 

Compartments of Cim- 
pedia, 111 

Complemental males, 107, 
118, 132 

Conchodei met, 116, 116, 

117, 140 

Conchoecia, 58, 60, 69 
Conchoeciulae, 69 
Conch ostraco, 1, 29, 39, 
49 , definition, 63 
Comleia, 210, 219 
Copepoda, 1 , affinities and 
classification, 101 , de- 
finition, 71 , habits, etc, 
99 , historical, 71 
Copepodid stages of Eu- 
copepoda, 88 
Qopilm , 103 

Copulatory appendages of 
Branchiuiu, 97 , ot Cope- 
poda, 81 , of Decapoda, 
274 , of Euphausiocea, 
247 

CoraUana , 219 
Corallaninae, 219 
Cornea, 18 
Corneagen cells, 18 
Goromda , 326, 331 
Coronidenchthu8, 326 
Coi'&mda, 112, 140 
Corophudae, 229, 235, 241 
Corophmm , 234, 241 
Oorycaeidae, 82, 83, 84, 
100, 103 


Coi ycaeus, 85, 103 
Corysies, 316 
Corystidae, 279, 315 
Contiere, 146, 207, 27 7, 
283, 288, 291, 309 
Coxa, 7 

Coxal glands of Amphi- 
poda, 235 

Coxal plates of Isopoda, 
198, 202 , ot Amphi- 
poda, 220, 230 
Coxopodite, 7 
Orangon , 27b, 287, 311 
Ciangonidae, 266, 208, 273, 
3ii 

Oi an ff apsis, 181 
(J/essa, 241 
Cressidae, 241 
Ormoniscldno, 221 
Cnnoniscus, 221 
Crista dentutn, 269 
Cniiegen'i, 219 
Crustacea, definition, 2 
Ciyptoniscan stage ot Iso- 
poila, 214 

Cryptouisciua, 212 , defini- 
tion, 221 

Ciyptoplualidae, 140 
Cnjptojdualus , 107, 114, 
115, 139, 140 
Crystnllme hotly, 18 
Cteuopoda, 29, 40 , defini- 
tion, 53 
Cubans, 220 
Ouma, 183, 188 
Cimiucea, 2 , affinities and 
classification, 188 , defi- 
nition, 183 , develop- 
ment, 187 , habits, etc , 
187 , historical notes, 
183 , moi phology, 183, 
187 

Cuvier, 3, 107 
Cynniuhiu, 220, 230, 231, 
233, 242 

Oyamus , 224, 230, 231, 
232, 242 

Cyathura, 211, 219 
Qydcbspis, 188 
Oyclestkena, 48, 50, 63 
Cyclodm'ippe, 314 
Oyclometopa, 310 
CyoJopidae, 70, 79, 83, 
100, 103 

Gy claps, 11, 71, 72, 73, 70, 
78, 79, 84, 86, 103 
CfycZojLw-stages of Eucopo- 
poda, 88 

Oyclosphaeroma, 218 
Gyhndi olebens, 69 
Cyllopodidae, 241 



INDEX 


337 


( 'l/ifnflll S, 241 
f 'VJ/WrfH 1 , 220 
f ( VrflZ»yir>/frI, 315 
220 

('tinnlhnidur, him, Jtiil, 

■Jill, 208, liO'.i, 'Jill, 219 

I 1||I)1 llitin KL, 'jrj, *J 1 rl, 

220 

i ‘\ I'liiiitiiLi 1 ! or, tin, ii*j, 

Ol, III, 07, 69 

t'rlfunhittit OS, fit*, ill, i]J, 

i if), it's, 09 

< *\ |>i iilltutiiu*, r»7, r.M, ill, 

II I, r*r», iih, (17, 09 
(*\|iilt]u|Hiilai , 69 
* t iljhnltyt'.i\ t CO 
<'*//"» , IS - r i7, l»7i 09 

ill Wiillin- 

mrim, 1‘27 ; n| I’nii- 
p.d»s *21, 107, 1‘2I; 
ni Hlil/m nphulu, l«i:( 

• *\ |ilMiiisi a iiliu , 221 
t ’if /t, mi i ,i n«, 221 

Miw <»l Kiiplmu 

■^ini'll, !24 H 
f V/NfrmiWf, 241 
i \ h mm itliliu 1 , 241 
fVW, OH, 00 
t'/fftii n l*, 07. 01, 09 
t 'nth i rfhr l OS, Ml, i»0, 02, 
60 l 

4 *\ th> ri'llitliu 1 , 07, 09 

57, 08, ill i»*2, 

Oil, Hi, 00 
i Vim niii\ mU \ , 1H1 

fhn tifit'i irthmjrt, 172, 181 

II n 1^1 ii|hmIi1i* v 1 til 
Du Hitts l HI 
tifii&il H-, 221 

Ihijti, , 221 

hni i ( 72. IUO 224 , ‘21 1, 
*210 

/lim«*/»»f, 221 

jit* j*h nnf % no, 29, in. to, 

03 

|l i|iliinliliti‘, 63 

hmi ill tilii/'H'i phulit, 105 

Hunvin, 107, 1 0H f 111, 

1 15, l hi, 117, ns law, 
P2S 1‘‘0, I HU 
fhii trinnhi, OS (17, Ofl 

li u \s inti! ul mi, H‘2, 00 
hn Iip'iilii, 2, 1 1-1 ; (Utiiilt l»*M 
uinl I'liv'nilliMillou, HOD , 

di’llnitmn, 253 ; dovtdnp- 
iiii nl , 1392; 1ml tits otu., 
UJH; hint orii ni uutiiH, 
■2 5 1 ; iiii»|iliol««y, 250 ; 
|| itu'olilulnuy, »Dii 
/ifj 1*11 iti, 316 


hirkiMiiiimi 1 , 316 
J )d (Join, 72 

iHilmsi', 107,1112, 133, 130, 
197, 220 

I irllu Valin, A., *220 
] huidt oln mirliiiili', ‘277 

lh' mi it Hfftalt'i'' 1*20, 120, 

127, 1 23, 140 

hrii<liO|{!Lsti liliir, 140 

Util mill kIiliiiIn, *20 (/#<■«■ 
(II uiiU) 

lirsiiwxoMtt, 219 
Dmtloronitvliruiu, 17 
1 >n\ clnpiiinikl nf Ainplii- 
pndu, ‘237 ; nf Awntlio- 
i m'li'ii, 127 , ol HuuichLo- 
podn, 13 # nl Biniiuliiiiia, 
90 , nT Curlpuilui, 121 , 
nl < 'mimivu, 137 , nl 

hni H|i0i|ci, 21)2 ; ol 
l |, .il( i i)pnpiuhi, 87 , ol 
KiiplmiiniiU'nn, 219 ; ol 
NnpiHlii, 2]. I , ol huplo 
si i hi u, 108 , of Ostm- 
uiilu, b7 , nl Mytudiumn, 
179 <>l Rldmmplmla, 

I.M ; nl Hlimmfcopodii, 
.l'2i> ; ol Tiuuililiu'i'a, 
191 

Jirutmun , 241 
Doxiuiiiiudiin, 241 
Jinn 1 is, 102 

liutjtiinintH, 102 
hliisi ylldun, 188 
Jint'itiifis, 18 1, 180, 180, 

188 

limsfiffaKltw, 180, 188 
l)nitt fusing HO, 140 
Du Imli'stlliliio, 83, 108 
Jiti'ht'li ifntni, 103 
hiuiiNlLin ^liunli 15 
hnnoi jiIiIniii, iiiikii.i1, *21 ; 
111 hm n pm In, 291 ; In 
Tiumiilmi'n, 191 
/JjuufrtJ/v, 103 
Diporoilnlpliyu, HU 
hnlli'in, 19 
hnlilii, 1 23, 183 
JUiln/ii, 95, 104 
Ihin/ijili 314 
hniippnliin, 290, 314 
Iliii'npi/Ifit ', , 70, 103 
bursal (ii^uinl Aniphipndii, 
237 ; of Jtrimelilnpndu, 
•1M ; of Iwipndii, 213 , of 
MjHliliifi'ii, 181); urHyn- 

c'liriilu, 1114 j «f Ttuifii 
iliu'flii, 194 
/irnwitU 283, 314 
hinmimtiM, 2511; dollultlon, 

314 


Dronmdue, 250, 289, 290, 
308, 314 

DroimiileiL, 203 , definition, 

314 

ii) mtnnpus, 308 
Uuplmiiuf, 130, 1 31, 133, 

141 

Duvurnoy, 324 
Dwaif nialoH of (linlpudin, 
117 

Dj/iutnu hu 220 
Ut/nomonr , 314 
Dynomoniduu, 308, 314 

hlntlut, 314 
Nctvmovui, 103 
Kdrioplitliidma, 3, 147 
Edwards (wcti Mllue 
Edwards) 

JCkmulciii-h, 277, 300, 313 
Kkmau, 36 
Khtplwuirut, 297 
hi mulcts. 111, 140 
Embryology, 22 
Enclitiw, 37 

Kudnplimgmftl Hystom, 263 
Endopndito, 7 
Endoskoliston ol Bmncluo- 
poda, 44 

ICndoHtomu of Bi achy lira, 

207 

lind-Rttc, 16 

/CntcraffntUhuH, 00, 90, 103 
MntoinoHtrucii, 3. 27 
EnloniHCidao, 208, 217, 221 
Jiiitmixcu «, 221 
Eulnsturmtu of Urnuclno- 
podii, 44 , ol ]) 0 Oftpoda, 
263 

Mphlppium of Cladoecru, 48 
Bpiourid hU^u or Iaopoda, 
214 

Kplcui'idi'O, 196 ; dollui- 
l.inu, 220 

Dpiiutiiiil flu tm 0 , 206 
I'lplmuron, 4 (footnote) 
Dpljiodlte, 8 ; of Oiiinaoeii, 
180 , nf Docftpoiln, 275 , 
of TQtipiKLUHUu eu, 246 , nl 
fmipnilft, 199 , nf Ixipto- 
hLpiicil, 104 , of Mnltioo- 
Htraca, 146, of MyNi- 
1101 * 011 , 176 , of Hto- 

nmtopadii, 322 , of Syn 
oftvltln, 160 , ol Timm* 
daaua, 192 

JOpifltotno of Duaapodn, 257 
Kt^uKllidau, 103 
JUrffaMluHi 103 
Jf}n-ciitJu?ia, 290 
hrichthu$ t 326, 330 
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Ei iplua, 315 
Enpli unite, 315 
Eryina, 307 
Eryon, 307, 312 
Eryo indue, 288, 312 
Eryomden, 2. r >3, 304 , dc- 
tiiiitioii, 312 
Erytlnopu, 181 
tixthena , 16, 32, 38, 40, 
49, 50, 53 
Ethusa, 314 
Etisiuue, 315 
Eltttiis, 315 

Eucalanv s, 79, 82, 83, 85, 

102 

Eucaridu, 2, 143 , dullni- 
tiou, 149 
Euthacta, 102 
Jiuchactomen a, 176, 181 
Eucopepoda, 1, 71 , duiini- 
tion, 102 , development, 
87 , moipliology, 73 , 
1 parasitic, 89 
Eucuput, 181 

Eucopildae, 173, 174, 175, 
176, 181 
Eudordla, 188 
Eukjphotes, 259 
Euniftlacostroca, 1 , 143 , 
definition, 148 
Euniedonlnne, 316 
Eumedoiiun, 316 
Eupagurinae, 313 
Eupagurus 286, 302, 313 
Euphaima, 244, 248, 251, 
252 

Eupbausiaceu, 2, 143 , 

affinities and classilica- 
tiou, 251 , definition, 
244 , development, 249 , 
habits, etc , 251 , his- 
torical notes, 244 , mor- 
phology, 244 
Euphaushdae, 252 
Eupliausimae, 262 
Eui'ycermtSy 53 
Eunjuype, 219 
Emydice , 219 
Eurydicmae, 219 
Eusmdae, 241 

Eu&iruSy 241 
Euthcmwto, 241 
Evadne , 54 
Exccn'allana , 219 
Exoorallamnae, 219 
Excretory system, 16 , of 
Amphipoda, 235 , of 
Branchiopoda, 43 , of 
Branchinro, 98 , of Cirri- 
pedia, 116 , of Oopepoda, 
83 , of Cumacea, 187 , 


ol Di'inpmln, 285 , n! 
EuplmiiHiiu'oii, 217 , nl 
Isopoda, 210 , nl Ijfpln 
stiumi, 1 fMi , u| Mysi 
duci'u, 178 , nl Ostiai nda, 
61, ol Sloiiiiilnpnila, 
325 , ol Syiu in nla, 1 Mi . 
ol Tiuuuilai on, 1*1.) 
EmUs, 3/ 

Exopoditu, 7 
Exoskuloton, 1 
JijlH, 17, Ol A lllpll 1 ] MM III, 
236 , ol HiiinUilojioila, 
Uj , ol Hrnncliiuiii, ‘IH , 
ol I'll! I pm l In, 117, ol 

Ciiiimmi, 181 , nl Dlcii 
pod ii, 287 , ol Em opr- 
poda, 81, ol EiipliiuiM- 
iwua, 218, ol Jho)mii Iil, 
211 , ot Mysiduri a, 173 , 
ol Ustrucodii, 60 , ol 
Htonmtopndii, 325 , nl 
Sy nun Ida, l(>(i 
Eyu-Htallvs {me OimiIiu 
podiinJoH) 

Fabric him, J (J , 25 1 
Fabric! us, O , 151 
Facial region of Jhm hymn, 
258 

Fa\on, 254, 255, 291 
Filamentary appendages ol 
Ciriipodia, i]f> 

Fischer, 30 

Flabellllcra, 196, dellm- 
tlon, 219 

Fhibellnm oi Uruudilo- 
poda, 39 ' 

Flagellum ol Bruudumn, 96 
Fossil Giustncua, 25 {see 
Palaeontology) 

Fowler, 1 07 

Fioctnre-plano m ('upinl- 
lulae, 231 ; in Deuinodn, 
273 

Freno, ovigerous, ol Uirrl- 
pudm, 115 
Fritsoh, A, 107 
Fioutal appondiigcs ol 
Branchiopoda, 36 
Frontal band ot Copupoda, 

Frontal fllamentH of Oirn- 
podia, 123 

Frontal organs of Brunoluo- 
poda, 46 , of Oopepoda, 
86 , of Ducapoda, 292 , 
Frontal plate ot Brachyura, 

Frontal tentacle of Ostra- 
coda, 66 


¥ 


I Fun a 7 , nl Hmiii lim 
| km In, 35 , nl ( 'iri ipi 1 1 i.i 

I I M , nl ( > ii|)i > |iiii|u l 75 
n| linplndiai ti, | r i2 
nl ( lsti in nila, 58 
/• itn tint ut igu nl Kit Jilimi 
•mu i*il, 21*1 

(mltillnn, 313 
Galiil lien lilt*, 313 
(lalat In nlcii, "5 I di Inn 
linn, 313 
( iiilnllii'itiac, 313 
(i inmmiiilMi , 1 2 11, 2 15, 241 
Guiiimni idea, 22 I , iIHiiii 
t ion, 240 
(l.iiiiinaiiiia, 22 1 
f fit mum ru^ -£ ,,r i 1 2 15, 238, 
239, 241 

( tiuiif iHnii ift , Ui7, Ins 

(titmuoi ia, Ih.s 
Gosliu mill, 1 | 

(last i nlilli, 282 
( (list i iiHiu i in in*, 182 
(fmt/ii>sturii\ t 172, 182 
Ifthiu, 313 

Gn in i midiic, 301, 315 
(ft inn in it; s, 315 
(ftlirviniiSi 203, 316 
Gi llllul VUlwN n[ I'npn 
pnda, 81 

( iniVUU'i ki r, 1 '10, 225 
(iiuid, A , 197, 21 1, 255, 
292 

Giosbiui ht, W., 72, 73, 75, 
79, 85, 86, 90, 101, 102 
(liyantncyf nitty 57, 67, 09 
Gills (<«i Ltl Hill'll klc) 

Gland, antnuiu), 16 
Gland, maxillary, lb 
Glands, 20 , nl Amplil- 
l»nda, 2.15 , of hiinii lim 
pmla, 13 , ol Hi midi 1 
ma, 98 , ol rirtl|n‘dia, 
116 ; of Cnpupndu, 83 , 
ol OhLi'iicoiIii, (»4 , n| 
Tanaidauin, 193 
Glypliawiduu, 307 

( ftyphmntHf/uu, 311 
Glyphomangonidim, 311 

(Uifpiunot utt i 220 
Uiuithm, 200, 208, 218, 
219 

(Jnathlldnu, 107, 204. 205, 
219 

Unatliobaso, 8, 30 
U ntUhopluuntut, 172, 173,. 
174, 175, 176, 178, 180 

181 

Gimthnpliyllidao, 311 
(fnatliophylliim , 311 
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( ilulliiijiiMl, ll(! , ol 
Aiii|ilii|iiu In. ‘j',11 , i, | 

in i, 171 

1 ill llll« I^tf till lln, 101 
Uiui:i>| "| 

Iwniu 1 1 . h dm v, 1Ji» t ,!'J k s 

J5.il, ,5’jS, 
331 

(I'lliiijil n i.|ur, 31fl 

• «a»||a»|«| i. Ill It , 31ft 

III ■ , 31ft 

1 1 1 H H | 11, |I , j.S.I 
t«mp<id it , ;;(>!, 31ft 
*»'i »|» in n „ 315 
tu'nj' i' , 310 

<»|M n 1 uni, lit 

C.II.I.U n p M, 1 17, HW, 
:ti‘» 

( i i i *i * m a I n7 
Unurl, in/ 

Cm in \, it , .']| 

f.'i/j/i, .Ml 1, 231 

( > v ininiini i i, J'l, 111 , i|i 

hull mu, 04 

1 ■ \ ti4ii*i] »!« t, f 1 , ill Umlimi, 

103 

lliiiii, \N ill , 'il 
Ikil.il i, * li » nl A in | ill ijimlii, 
2' S , l«| I <1 .hlU'lllDI MIlllL, 
> r iU , .‘I I'liiipnli i, 1 il j ; 
••I l 'iijii | it ii lit , 00 , nt 

('llliitu i i, 1 , nl 1 >i»i , ii- 

jwtii i, oi s ; ni Kiiplinii 
Nl I* I I, 'll, Ol I Nl l|MH III, 
'J 1 *1 , Hi I illpt'l/ltl (| > II, 

Ifi'i , nl My it I in i a, IM) ; 
nl i* Orai mid, H7 ; nl 
Mn|llU|i‘|Hii|]|, 0°0 , III 
N\ in null, 107 ; nl 
TaiiEinl ii i i, I l( I 

//•ii a k t i,f, 'i , 103 

llili nil... a I, iii 
linin' vpllilm , 5,, hi), III, 
il' 1 . I.I., il?, 00 

ffirtth /(/it t , li'l, 00 

it tn i ii, /, i /s, 7 * 1 , 
m;, p«», him, 1 1 :., l in, 
IK !/■", IM, ir.is, 171, 

i, I, iii, im. nn, UK, 

1H\ M l\ , ' ,, 9 1 210, 
oi.h, *ji h, :iio, 

:i:;s 

iftnrm .U'itt't i , l \ 8, 181 
1 1 <«|»ii]«ii an liilitin*, OUfi, 315 
llttfw/ot ii/'i uiU'fg 310 
//ff/nf/f’i/iff/ri , 313 
Ilit|inlu f M Irma**, 313 
thuf in tt\ 220 

Ilii| iltt|«*.«Ui| 20 , tU'linl 

Inm, 54 


II m pm In iihu, 75, 7h, 7s 
f l| i s l, 87, 1)0, 103 ’ 

1/ttijHfth, 103 

MiiW'lmk, 27 
lluu itmiidiir, 241 
1/ltHsftH 241 
1 1 mu I i ■■kiuii n| Crunliii'ta, 1 
limit, 1 f* (hh ( 'ii* uliiLory 
'i^tnin) 

IlHilrr, 22 

Ih lit i nr t 220 

I Ii'IiiIiiiiim nine, 211, 221 
lh tit mm * it f, 208, ‘212, 221 
llninlni <f i|i, 25 1 

Hcpalii* i iii t il (fu All 
ini nl m j ijsli'in) 

I I i*l *n 1 1 * piitn man, 15 
II.tI.mL, .1 !•' W , 251 

I Iniuiiipliiinlillsiii, 21 , in 
Cirripnilu, 117, in J him 
p< M In, 'J 1 '*/ , in Isnpodn, 
*212 

llt'pp\ llnliiiilat', 82, 03, 104 
lit rjHflltthtii i, 104 

I I nl i«i in i liwimli in, 71, 75 , 
ili’lllul inn, 102 

lh h i m *250, 288, 

311 

//i ft m i ttjti , Hh, 102 

III 1 1*1 HIIl\ NlIIJIl 1 , 181 
lli'ti i»ntif<ni t 175, 181 
lit fnvihulkltrs, 102 

lh ft inlniiuis t 103, 19ft 
1 1<‘ VlLp. iililuin, 310 
lh irf/n/J, 310 

lhjifw % 314 

Mippiilui , 314 

UlppliliMi, 2.».! ; dcllnitlnii, 


313 


llu’/ifh/t,, tilill, UH7, 311 

lllplM.lj (It Inn, 311 

Hi linii'iil imti'M, 2; 

on 

Aiiiplilpndn, 221 , 

on 

1 Iriuiflitupiiilii., 20; 

nil 

('In Ipi tliu, 106 ; 

Dll 


Ci»|H'|)mtn, 71 ; mi (Jii 
imiMiL, lHH, mi Dimmi- 

pmlu, 25 l ; nil Kuplmit- 
‘imi'i'ii, 211, nn luopodn, 
I'lf'i , tm 1 ,n|iU> iUi nt it, 
lb] , tm WyHlilumi, 
171; nil Oh I mi 111 In, 5(1 , 
im Hhiinrilnpnilii, ;U0 , 
nil N) in hi hlii, 102, nn 
TiiliJiiiliini'ii, 100 

II rink, 107, 110 

lIuli'Kimtlii'lm'i 220 
llnltujmtthnti t 220 
llntupiallliln< , l 03 
03 

Mull, 178, 181, 218 


/ftnnann, 282, 291, 20M, 
.100, 312 
Ifnmolu , 314 

Uoinciliiliu., 250, 308, 314 
Ifniintlulun, 253 , dollin- 
tion, 314 

UuHw/ntft tmua, 314 
1 lonmlot li nimulao, 278, 
.101, 307, 314 
//(JMfi/fijJs/ir, .108 
I [nplcHMiiuln, 2, 143 , de- 
li in tmn, 149 («y Sto- 
malnpodu) 

Ifopfopm ut, 307 
NoplciplmiitUu', 208, 288, 
301, 311 
//u/j/u/j/kj? m f, 311 
llu\lny, 12, 148, 180, 

255, 250, 310 
// unit lln , 231), 241 
l/yit\ 316 
ilifinnitmtn't , 150 
JJ ifnLt'mKnn, 265, 311 
llyiiioiioicriimn, 311 
l/j/wniounvKf, 316 
IlyimiiioHoniiiliui, 316 
Ui/junti, 230, 241 
1 1 3 poi mini', 241 
I h ptn lltlwi, 224 , deliiic 
l toil, 241 
113 pm inn, 221 
llypeilopsldnn, 241 
llif/H / uipstti, 241 
l ) y | iiiilni i mi 1 i i n pregimUoit 
m luopodu, 213 
llypriHtoiiin, 7 

Ilninn f, 312 

lhh t Llll, 110, 120, 140 
It'tnltt iwjma, 260, 313 
litohtr, 202, 205, s 200, 

220 

lilntmdun, 202, 208, 220 

Mi/h, 103 

//iff, 314 

lliiiuui, 314 

Jl/jtx'i i/j)fnn t 53 

Imu'liLniLn, 316 

J nit clut#! 316 

Inilulfictla , 225, 226, 231 „ 
233, 210, 242 
l tiftnl Hall Idau, 242 
liignlili'lliiluiL, 221 , tluli- 
uilltil), 242 
Ingnllli'lliim, 225 
hat' ft, 241 
Imiu'kIiui, 241 
IhuIi in pod il a, 146 
jHflilum, 140 

iHokniibiidim, 71, 102 ; do- 
llnitiun, 103 


22 % 
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iBOpoda, 2, 143 , aber- 
rantia, ]90 , affinities 
and classification, 218 , 
definition, 196 , develop- 
ment, 213 , liabits, etc , 
216 , historical notes, 
196 , morphology, 198 , 
palaeontology, 218 

Jaera, 193, 202, 213, 219 
Janvra , 203, 219 
Ja&sa, 241 
Jassidae, 235, 241 
Jaxea, SOI, 813 
Jordan, H , 167 
Junne, 30, 72 

Raempferia , 306 
Kentrogon-stage of Rhizo- 
cephala, 136 
Kishinouye, 292 
Kmpowitsch, 107 
Kochlonne, 140 
Kochlormidae, 140 
Koehler, 117 
Kolcolepas, 139, 140 
Rooming a , 25, 147, 162- 
167, 169 

Koonungidoe, 169 
Koiscbelt, 22 
Kowalevsky, 326 
Knthe, 64, 69 
Krolro, 107 

Kroyer, H , 72, 183, 224 

Lahrnin, 7 , of Cirripedio, 
114 , of Copepoda, 78 , 
of Ostracodn, 59 
Lacoze-Dutbiera, 107 
Laemodipoda, 224 
Lafjstiidae, 241 
Lafy stilus, 241 
Lagena of Rhizocephola, 
131 

Lamarck, 3, 72, 107 
Lambrus, 316 
Lampropidoe, 188 
Lamprops, 1S5, 188 
Lanceolate 241 
Lanceolidae, 241 
Lanhester, 4, 9, 30, 40, 
42, 43, 45 
Laomedui, 313 
Lnomedudae, 313 
Laopkonte , 103 
Laphystiopaidae, 241 
Laphystiopsw, 241 
Lateral plates of Cimpedia, 
110 

Latona, 36, 63 


Latredle, 3, 27, 29, 30, 62, 
147, 171, 190, 190, 221, 
254, 309, 319 
Latredha, 314 
Latreilludae, 314 
Lati elites, 311 
Lama, 107, 125, 120, 

127, 140 
Lauridue, 140 
Leach, 3, 147, 151, 190, 
196 

Leander , 311 
Leeuwenhoek, 71, 72 
Lepodidne, 140 
Lepas , 3, 107, 108, 110, 
114, 116, 117, 123, 124 
125, 138, 140 
Lepechin, 183 
Lepcrditia , 08 
Lepidurus, 9, 12, 31, 63 
Leptocheha , 193, 194, 196 
Leptodoia , 33, 34, 30, 40, 
42, 43, 45, 49, 50, 64 
Leptomysiuae, 181 
Leptomysis , 181 
Leptostmca, 1, 143, affini- 
ties and classification, 
160, definition, 148, 
151 , development, 158 , 
habits, etc , 159 , his- 
torical notes, 161 , 
morphology, 151 , palae- 
ontology, 169 

Lemaea, 3, 72, 91, 92, 
103 

Lemneidae, 91, 103 
Lernaeoccm , 81, 100, 103 
Lernaeodiscua , 131, 141 
Lernaeopoda , 103 
Lemaeopodulae, 80, 90, 92, 
103 

Lemanthropus, 16, 83, 103 
Leuctfer, 273, 275, 287- 
291, 296, 296, 298, 311 
Leucifermae, 311 
Leucon , 188 
Leucomdne, 185, 188 
Leucosm, 314 
Leucosndae, 279, 314 
Leucosimoe, 314 
Leucothoe, 231, 241 
Lencothoidne, 241 
Ley dig, 30, 46 
Lichomolgidae, 108 
Lichomolgns, 103 
Ligia , 208, 209, 213, 220 
Ligidmm, 210, 220 
Ligudae, 205, 206, 212, 
220 

LiHieborg, 31, 107, 183 
Lilljcborgia , 241 


Lilljoborgudufl, 241 
Limbs, general moi phology, 
7 

Lmtmdia , 44, 63 
Limnadhduo, 63 
Lunin L\x, 35, 40, 49, 63 
Jjiinnocandina , 277, 311 
Lmnorut , 220 
Linmorhnno, 220 
Liam niiommlca, 250 ; 
droimuliui, 260 , lioino- 
] tea, 250 , tlmliuwiniui, 
25f> 

Lumaeus, 2, 72 
Liruipimis , 307, 312 
LiponienHm, 4 
Liilo[)Hidao, 211, 217, 221 
Lmtpsw, 221 
LlHtoi, J J , 328 
Lilhodes , 313 

Lithodidiic, 261, 273, 275, 
313 

Lithodinae, 313 
Litholrya , 138, 140 
Liver, 16 {see Alnuuntaiy 
systom) 

Jjongxpcdm , 103 
Lophogaster, 181 
Lophogasiudao, 173, 174, 
176, 176, 181 
LcrrwuUt, 109, 110, 138 
Lower lip, 7 , or Aniplu- 
poda, 229 , of Branchio- 
poda, 30 , of Copopoda, 
78 , of OHtrucodu, 59 , 
of Tanaiduonn, 191 
Lucieutm, 102 
Lucifer, 311 

Luminous oigaiiH, 21 , ol 
Copopoda, 83 , of Decu- 
poda, 288, or Eupluui- 
slaeea, 248 , of Mym- 
dacea, 174 , of Ostrocoda, 
01 

Ltltkon, 72 
Lynceidae, 42, 44, 63 
Lynceus, 63 

Lyncodaphuiidne, 42, 63 
Lysmncma, 240 
Lyslonussidoe, 237, 240 
Lysiocnchthus , 320 
Lymosqmlla, 326, 331 

Maei uchcira, 257, 258, 306, 
316 

Macrocypris, 60, 61, 63 
Macromyaw, 181 
Mocrophtholmmae, 315 
Macrophthahnus, 203, 264, 
316 

Macropodia, 316 
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Abu rothnx, 53 
Mwinift, sios), :no 
Afina, 310 
Mntiilitn, S1G 
Mailuiu-t 316 

MalurnslmeM, 1, 3 , i'IiusnI- 
llfrtl lim, 147 , delimllmt, 

1 13 , 1IKI1 jllltlln^, ] |1 

Miil(it|iiiii , |i;i 

Mules <il (Vi ipediu, 11 .8 

Atiintiim , 316 

Miuulililo, 12, ol A iii]»lil- 
|iodu, 22‘) , of Kiiuu'Iiio- 
podu, 30; ol llnmeliluru, 
95 . of Oiinpndia, 111; 
ol fnpupnd.i, 78 , nl l 'll 
uihi on, 1 35 , ol I >uc (ipoiln, 
-till I ol I'jll | ill ILII lilllT.l, 
215, Ol Isnpndll, 111.3, 
ol ljt'plnslruui, 1.V2, ol 
Mal.ieuslmui, 1 15 ; of 
Mjsidm e i, 1 7 1 ; <4 Usli.i- 
uoilii, 5 1 ,} , o| SLomuto 
[ mil u, .121 ; nf Sy m *iun In, 
101 ; 11 I Tauuidiu eu, I'll 
M until*, (I, nl 1 ‘li 1 i pcil iil, 
10.3; n| Rlii/oi eplmlii, 
l MO 

Mil Mu iilmy slnm.u li, 1 I 
M nsi Iv.iiln urn tun, 'J 70 
2*17 

Maluht, 314 
Mnlutiiun, 314 
Mil\111ii, 111 , ol Aniphipnilii, 
*Jl!0 ; ol |liiuiclii(i|H)(ln 1 

Mil, of Hr. mi liiuio, 05 , 

01 (’lirljushu, 114 , ol 
fnpepuda, 7o „ ol <‘ll- 
miieeu, 1.35, ol Reeiipndu, 
200 ; nr 14ii|ilmiiMiiu , i k ii, 

2 Id , of IfiopotliL, 1 1>H ; 
of IjepLn (till' u, I5M ; ol 
Miiliu'osiuu u, 115, ol 
Mysldueeii, 17M , ol‘ 
1)1 Lnu'uilii, HI; “I HLu- 
iniil opoilu, 322 , of Hyit- 
rnndii, liil , (»1 Tmml- 
iliu'mt. 111 I 

Muxillnnr iJluii'K HI. "I 
Hmm lilopodit, HI ; *0' 
Hmiieliiimi, 118, or i'll rl- 
|n>tUui 1115; ori'iipopodii, 
8M , of I 'll iiiiu eu, 187 , 
of Le pt os true u, 157 , of 
tnopoilu, li 1 0 ; or Hln- 
mat n]Mniii t 325 ; of Hyn- 
imntlu, loo; of Tamil- 
dwell, 103 

Maxllliped, i:i ; of A niTilii- 
poilu. m'JII , ol Hriumldum, 
Oil , of Cope p<)il U, "1* *» of 


( 'umiioeu, 180 , or Reen- 
podu, 208 , of Isnpndll, 
108, ol MiilueosLiiieii, 

1 Hi , of Osti none In, 51 9 
nl Tiiiinidaem, 192 
Muslllulii, 12, ol Ampin- 
1 »oi In, 220 , of lliiumldo- 
pndu, 3(1 , or lti audit lira, 
05 ; ol (.'Ini pud la, 111, 
nl I 'ojHkjioiliL, 78, ol 
Ciniiiieen, 185 , of Deea- 
podu, 21 Ui , nl Kuplmu- 
siaeea, 216 , ol Iscipudu, 
108, n| Ijiiptastiaea, 
lfill, of MHliieosLmeii, 
115, or MysidiiLva, 17M , 
nr ( Minn nilu, 01 , nl 
Stimuli npmlu, M21 , nl 
H\ lieai ulu, 101 , of 
Tail aid men, 151 i 
Mill or, I 1 , 226 
Mi iliuii 1 }i , 17 
.in. t 

215, 210, 

217, 252 
Mntieil, F, 100 
Mi un / lift, 220 
Mt'hu, MOO 
Mtliht, 2-H, 241 
Mtlpluilipptty 241 
Melpludlppldne, 241 
Mi'Hift/H', 315 
Meiilppmae, 315 
Mempodile, 110 
Monts, 1 10 
Mehoulerou, 1 1 
Mosoiltei} nl Ulil/neuplmlu, 
liil 

Motiniioi'plii»‘*l«, 2'l 
Moliin.uiplliiH, 21, oT 
lilliuuliinpndu, 18 , nT 
1 huiipodu, 202, 2H5 , ol 
I'luenpepndu, 88 ; nl 
KiiplmuMiiu on, 2 U) ; ol 
Him 1 into pod ii, M2H 
Moliwlomii, 7 (rti* Lower 

lip) 

Mol.il/ooii, *}() 1 • 802 
Mrftyut, 241 
Mulupldue, 241 
A frfniivi, 102 
Mol sell ink oil', 161,211,240 
Moyer, II. volt, 107 

Afit'wrnsMtit, 21 1 
Midi's, 261 

M lino- I'M w aids, A., 251, 
255 

Milt m-Kd wards, IT., Jt, 0, 
•10,50,72, 147, 151, 171, 
183, TOO, 221, 211,251, 
255, 280, MOD, Mil* 


Afntwnri'le'i, 226, 241 
Mimnueutidao, 241 
Afirtu'ia, 34, 103 
Mwo)ihi in, 82, 103 
MlNoplnlldao, 103 
MUhrttjt\ 316 
Mm mi, 53 
A/uuiMUt/im, 3, 72 
Mtnwlmh'u^ 220 
Mouopmodelpliya, 8(1 
Maaoitpi/us, 33, 53 
tUon'ilnifu, 103 
Mini hIi 111 Idao, 9,5, 103 
MnnLiif'U, 183, 190 
Milller, l«\ 107, 132, 190, 
193, 191, 254, 292, 319 
Milller, U W, 56, 50, 61, 
02, 07, 08 

Mtlllm, O V , 29, 50, 72 
Mumda, 260, 313 
Miuildopbliuiu, 313 
Munirfnp'ii-it, 313 
Mwnut, 211, 219 
J fuimapsut, 203, 219 
Miisetiliu system or limit 
ulnnpndn, 11, of (Jiru- 

podiu, no, or Tjoptr>‘ 
Nil lieu, 157 
My< Hrlmie, 315 
Mintin'*, 315 

Miodoenp.i, 1, 5(1, dollul- 
tloii, 08 

Mysldaeeu, 2, 143 , nfllnl 
ties unil eliiNHillcaliou, 
181, < Inliu I tlnii, 171, 

de \«1 op mo lit, 179 r 
lmliits, ole., 180 ; IiIh- 
luiiriil notoN, 171 , mm - 
pholo^y, 171 ; pnloonn- 
tnlntfy, 180 

MyHldae, 17d, 174, 170, 
177, 178, 179, 181 
AIifNuU'llti, 181 
MyHidollnmu, 181 
Mif'tnh'fi'ti, 181 
MysidelSmui, 181 
Mysleits, *244 
Myrnimo, 181 

Mims, 20, 172-173, ISO, 

181 

Ml/ sis sliij^e of Reeiipodlt, 
291 

11 Niuikmini^ftit " nf (Jliulo 
eeni, 10 

NiuiiuiHlueldmv, 187, 188 
Afartmtstiii'us, 185, 188 
yunnomsoiM, 219 
Natiuilla, 253 ; delinltlon, 
310 

Nauplliis, 11, 23, 25, 26, 
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72 , of Apodo, 129 , of 
Ascothoracica, 127 , of 
Brancluopodo, 48 , of 
Cimpedifl, 107, 121 , 
of Decapocla, 292 , of 
Eucopepoda, 87 , of Eii- 
phausiacea, 249 , of Oa- 
tracoda, 67 , of Rhizo- 
ceplmla, 133 

Naupliua eye, 17, ot Bmu- 
chioporla, 46 , of Copo- 
poda, 84 , of Decapocla, 
287 , of Euplmusiacea, 
248 , of Ostracoda, 60 
Nauttiograpsusi 315 
Xcbalui, 30, 147, 151, 152, 
154, 156, 159, 160, 161 
Nebnliacoa, 1, 143, 151, 
161 

Xebahella , , 153, 154, 165, 

161 

Nebaltulae, 161 
Xehalwpsis, 163, 154, 155, 
156, 159, 160, 161 
Neck gland of B ranch 10 - 
poda, 43 

Xematobrachion , 247, 2B2 
Nematocarcimdae, 311 
NematotarcLTius, 311 
Nematoscelmae, 262 
Xematoseehs, 246, 247, 

248, 251, 262 
i VeohthodeSi 202, 313 
Xephrops, 266, 26S, 300, 
312 

Nephropsidae, 312 
Nepbropaidea, 253 , defini- 
tion, 312 

Xephropsis, 270, 312 
Xeptunus, 269 
Xereicola, 103 
Nereicolidae, 103 
Xerocila, 206, 220 
NervouH system, 16 , of 
Amphipoda, 230 , of 
Brancluopodo, 44 , of 
Bmnclnura, 98 , of Cirn- 
pedm, 117, ofC'opepodo, 
83, of CumacetL, 187, 
of Decapoda, 286 , oi 
Eupliausiacea, 247 , of 
Isopoda, 210 , of Lepto- 
straca, 158 , of Myn- 
dacea,l78, ofQstracoda, 
65 , of Tanaidacea, 103 
Nettovich, 08 
Xicotho & i 103 
Nicothoidae, 103 
Nila, 311 

iVipJiargiut, 239, 241 
Nordmanu, von, 72 


Not man, 56, 68, 107, 181, 
183 

Notoddpliys , 89, 103 
Notophi yxus % 221 
Notopterophoi us, 76, 103 
Notostraca, 1, 29, 37, 4S , 
defliiition, 63 
Nucleus ot Sacculum, 136 
Nusahaum, 116 
Nyctiphaues , 261, 262 

OdomcriSf 111, 140 
Ocular peduncles, 9 ; of 
Branchiopodft, 46 , of 
Decapoda, 203 , of Iso- 
poda, 211 , of Lepto 
'.tiaca, 158 , of Mym- 
daceu, 172 , of Stomnto 
poda, 325 , of Syncandu, 
166 , of Tanaidacea, 191 
Otijpnda, 263, 2b4, 305, 
307, 315 
Ocjpodidae, 315 
Orypodmae, 315 
Oediceros, 241 
Oediceiotnlne, 226, 236, 
241 

Oithona , 103 
Oken, 72, 107 
Olfactoiy fllanionts, 20 , oi 
Copepotln, 85 
Ommatidm, 18 
Oncacft , 103 
Oncueidae, 83, 103 
Omscidae, 210, 220 
Oniscnme, 220 
Omscoidea, 190 , definition, 
220 

Oilmen*, 3, 213, 220 
Ouycbopoda, 29 , defini- 
tion, 54 

OoategiteR, 146 , of Amplu- 
poda, 232 , of Cunmcea, 
180 , of Isopoda, 203 , 
of Mjsidacea, 176 , ot 
Tanaidacea, 191 
Oostegopod, 41 
Operculata, 106, 110 , de- 
finition, 140 

Operculum of Cimpedia, 
110 

Orbit of Decapoda, 257 
Orchestia , 237, 241 
Orcbestinlae, 241 
Onthya , 314 
Oritbyinae, 314 
Ortmann, 181, 254, 309 
Ostracoda, 1 , athmties and 
classification, 68 , defini- 
tion, 56 , development, 
67 , habits, etc , 67 , 


historical, 56 , moi- 
phology, 56 , palaeon- 
tology, 08 

Otocyst, 19 (sec Statocyst) 
Otolith, 19 
Oviduct, 21 

Oxycoplmlidac, 237, 241 
Ojuyccphal\ts , 241 
Oxyrhyncha, 253 , dulim- 
tion, 315 

Oxystomata, 253 , defini- 
tion, 314 
Oiyuropodti' 218 
Ozlinao, 316 
Ozitis, 315 

Pockaid, 151, 1G2, 167 
Pagnrulae, 259, 277, 283, 
286, 280, 304, 313 
Pogundea, 253, definition, 
313 

Pagunnae, 313 
Paqunstct f, 282, 283 
Prtf/urua, 313 
Pctlcicga , 218 
PolaemachvH , 308 
Palacmou , 278, 311 
Pulacmovcle v 260, 29S, 

311 

Falaeinamdne, 301 311 
Palaemonmae, 311 
Pcdaeocans, 108 
Palacocoi 1 /dr.s, 218 
JhitaaiyamHunus, 239 
Palaeontology ot Amplu- 
poda, 239 , or Bmncliio- 
poda, 50 , of (Jnripedio, 
138 , of Decapoda, 306 , 
of Isopoda, 218, of Lcp- 
tostraca, 159, of Mysi- 
dacea, 180 , of Ostin- 
coda, 68 , of Stonmtn- 
poda, 330, ot Syncarldn, 
107 

Palate of Biuchuuo, 257 
Palicidac, 315 
Paliuts , 315 

Palnmra, 253 , definition, 

312 

Palunnellus , S12 
Pahnundae, 260, 305, 812 
PaliHimta, 285, 300, 301, 
312 
Palp, 9 

Pancreatic glands of Cirn- 
pedia, 115 

Pan d alulae, 288, 311 
Pandalma , 277, 311 
Pandalmae, 311 
Pandalns, 207, 277, 287, 
311 
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Pai acalanus, 102 
J'auicrangoit, 273, 311 
Paran/anms, 227, 242 
/‘amdoxosfoma, 60, 64, 69 
Paradoxostoinatidfie, 09 
Paragnatlui, 7 {sw Lower 
lip) 

Paialampiops , 185, 188 
PaiamphUhac , 241 
Pararripluthoidne, 241 
J’arancutpitlcA, 170 
Pamnehalia, 152, 153, 165, 
161 

Paraneplu ops, 312 
J'aranthum , 208, 219 
Pttmpatfurus , 300, 313 
Pmaphromma, 241 
Pninpbrommidao, 241 
Parapoiitdla, 102 
Parnsellidae, 205, 200, 219 
Parasitic cnstiation, 292 
Parasitism ot Ampltipodu, 
230 , ot Ducapodu, 304 , 
ot Cirripudin, 3 .18 , of 
Copcpoda, 1U0 , ot Iso- 
pod n, 210 

Parastm ulftc, 267, 274, 

270, 277, 278, 304, 312 
Pams tat as , 312 
Paidahsut , 241 
Pnrdnliscidao, 241 
Panes of CJirrlpedia, 111 
Pailhrnopr, 316 
Pftrtlionopldae, 316 
Partlionopinae, 816 
Pasiphaca, 311 
Pasiplmoidno, 268, 311 
Pud uncle, ooular, 9 
Peduncle of Ulmpechu, 108 
Peduncul.ita, 100, 109 , 
definition, 140 
Pclsuncer, 45 
103 

Pdtoqasler, 131, 133, 137, 

141 

Penaeulae, 266, 288, 290, 
292, 305, 310 
Puuoeiden, 253 , definition, 

310 

PeDoenme, 311 
Penaeus, 260, 267, 276, 
276, 278, 293, 204, 307, 

311 

J’cmlta, 53 

Penis of Decnpoda, 289 , 
of Cimpedia, 118 , of 
Iaopoda, 212 
Pennant, 3 
Painatula, 72 
Pcnnella, 100, 101, 103 
Pcntachdcs, 271, 312 


Perncarida, 2, 143 , deflni- 
tiou, 149 

Peraeopods, 146, of Am- 
pliipoda, 230 , of Decn- 
poda, 269 

Percionotits, 226, 241 
Pence) a, 316 
PeriRonmtio cavity of Sac- 
enh/irr, 136 

Potnloplithalimdno, 176, 
181 

PetaXophthulmus , 178, 174, 

181 

Petasma, 274 
Petmrca, 125, 126, 127, 
140 

Potviu cidae, 140 
Petmlistkcs, 813 
Plmtima, 102 
Pfi limnetic, s t 57, 30, 66, 09 
Phliautidae, 241 
Phluts, 241 
Phorconliaphidae, 241 
Phoi corrlutphis, 241 
Phosphorescence ( see Lumi- 
nous organs) 

Photosphures of Eupliausi- 
ftcea, 248 
Photulae, 235, 241 
Phot is, 241 
Phoxoccplmhdae, 241 
Pho r u)cep}whw , 241 
Phreiitoicidiio, 198, 204, 
219 

Phrentofcidea, 190, 216 , 
definition, 219 
Phi eatoiurules, 219 
Phrcatmcopms, 219 
Phrcaloiuts, 197, 219 
Phrojtima , 228, 233, 234, 
230, 239, 241 
Plironiundae, 236, 241 
Phronminpsis, 241 
Phrosina , 241 
Phrosinirtae, 241 
Phrynus, 221 
Phtmm , 227, 231, 240, 
242 

Pliyllobrancliiate, 277 
Pliyllocaiida, 1, 143, 151 
PhyllopocU, 52 
Phyllosama , 300, 301 
Pliylogeny, 25 
Pinnolhei elia, 315 
Pnmotherelinme, 315 
PinnotJiei es, 315 
Pinnotheridue, 273, 305, 
315 

Pmnothemme, 315 
Pinmula, 315 
Pirnnelinae, 315 


Pisa, 316 
Pismae, 316 
Plagusta , 315 
PlagUHiinae, 315 
Plakarthniuae, 220 
Plakarthrunn, 203, 220 
Planes, 304, 315 
Platopkium, 241 
Piatyaspidae, 188 
Plalyaspis , 185, 188 
Pktycopn, 1, 56, defini- 
tion, 69 

Platycnma , 187, 188 
Platytyavuiv, 230, 242 
Platyscelidao, 238, 241 
Platyscelm , 241 
Pleopodfl, 146 , of Ampln- 
poda, 232 , of Cumacea, 
187 , of Decapods, 273 , 
of Eupliausmcea, 247 , 
oi Isopoda, 204 , of Lep- 
tostiaca, 166, 157, of 
Mysidocea, 176, of Sto- 
matopoda, 323 , of Syn- 
cftTidn, 166 , of Taiiai- 
dacea, 191 

Pleural plates of Isopoda, 
202 

Plourobrancdua, 1-1, 275 
Pleumna mma, S5, 86, 102 
Pleuron, 4 
Pleuropodite, 146 
Phuroxua , 42, 58 
Pleuslca, 241 
Pleustidne, 241 
Podaacon , 221 
"Podascouidae, 221 
Podobranchio, 14, 2/5 
Podoceridae, 241 
Pmlocerus, 241 
Podocopn, 1, 56 , detimtion, 
69 

Porton, 54 

Podophtlmlma, 3, 147 
Podoplithalmiuae, 815 
Podopkthcdmus , 263, 264, 
315 

Podoplen, 71 , definition, 
103 

Poison spine of Argulus, 07 
Polhcipcs , 110, 115, 110, 
117, 138, 140 
Polyartcmia , 22, 30, 38, 
39, 42, 47, 51, 52, 53 
Polyartemiidae, 53 
Polychdes , 288, 312 
Polychena , 231, 241 
Poly cope, 59, 60, 6fl 
Polyoopidne, 60, 69 
Polycopsis , 60, 69 
Polyplieimdae, 45, 54 



344 


THE CRUSTACEA 


Polyphemus, 54 
Pontdla , 79, 102 
Pontellidoe, 84, 102 
Pontocypris , 58, 67, 69 
Pontogeneza , 241 
Pontogenendoe, 241 
Pontonia, 311 
Pontoimnae, 306, 311 
Poicellanct, 302, 303, 313 
Porcellamdae, 313 
Poi cdhdium, 103 
Poocellio , 197, 206, 200 
Portumnmae, 315 
PortiLinnus , 316 
Portumdcie, 315 
Portunmae, 315 
Portunion , 215, 216, 221 
Pmtunus , 316 
Post-abdomen, 33 
PoHt-CBphalic appendages, 
12 

Poiamobuis , 312 
Potamon , 315 
Potamonidne, 303, 304, 

316 

Potamonnme, 316 
16S 

Piamza, 219 
Pmumi-3, 181 
Pre-coxal segment, 7 
Pnapion , 212, 221 
PrimUia , 68 
Pnonoplftcinae, 316 
Prionojjlao, 316 
Prou-jifft, 311 
Processnlae, 311 
Proctodaenm, 14 
Pioepipodite, 146 
Pronoc , 241 
Pronoidao, 241 
Piopodite, 146 
Piopodufl, 146 
Prosoma of Cimpedin, 113 
Prosopon , 30S 
Prosopomdue, 307 
Proteolepadulne, 140 
Proteolcpas , 107, 128, 129, 
139, 140 
Proto , 231, 242 
i J jo£oca7'w, 50 
Protocerebrum, 17 
Protopodite, 7 
P) otosqudln, 321 
Protozoea, 293, 295, 297, 
303 

Psalidopodidae, 311 
Psaltdopus , 271, 272, 311 
Psathyrocans , 270, 311 
PseudendUhus , 328, 329 
PseutfniofAea, 220 
Psendidotbeidae, 220 


102 

Pseudocitma , 188 
Pseudocumidae, 188 
Psfi7«focyc/qpL<7, 102 
Paeudocyclopulae, 102 
Pseudocy clops, 102 
Pseudodiaptomns, 102 
Pseudomma, 173, 181 
Pseudorostrnm of Gunui- 
cea, 184 

Pseudosqmlln, 328, 331 
Pseudothelphim , 316 
PsBudothelphusuiae, 316 
Pseiulo-trachene of Isopodu, 
205 

Ptenoplacinae, 316 
Ptcnoplax , 316 
Pterocvvia, 185, 188 
Pupa of Cimpedn, 123, 
124 

Pupal stage of Lei naca, 
91 

Pyonogonida, 3 
Pi/gocephalus , 180, 181 
Py Iodides 261, 313 
Pylochelidae, 259, 277, 

304, 313 

Pyigoina , 111, 140 
Pyrocyp i is, 64, 69 

Rndms of Cimpedio, 111 
Ranina, 204, 314 
Raninulae, 256, 290, 314 
Rathke, 254 
Rathke’s organ, 208 
Reaumur, 254 
Receptacula seminis, 21 , 
m Decnpoda, 290 (see 
Sperm atheca) 
Regeneration, 10, 271 
Remipes, 314 

Reproductive system, 21 , 
of Araphipoda, 237 , of 
Branchiopoda, 47 , ol 
Brnnchlura, 99 , of Uir- 
npedio, 117 , of Guina- 
cea, 187 , of Decapoda, 
289 , ofEucopepoda, 86 , 
of Euphansincea, 248 , 
of Isopodo, 211 , of 
Leptostraca, 158 , of 
Mysulacea, 179 , of Or- 
tracoda, 66 , of Rhizo- 
cephalft, 131 , of Sto- 
matopoda, 325 , of Syn- 
carida, 167, of Tanai- 
dacea, 193 

Reptantia, 253 , definition, 
312 

Respiratory system of ter- 
restrial Decapoda, 284 


Resting eggs of Branohio- 
poda, 47, 49 
Retinnla cells, 18 
Rliabdome, 18 
Rlmbdomeres, 19 
Rhabdosoma, 226, 241 
Rhincalanus , 79, 102 
Rbizocepbala, 1, 106, 107 , 
definition, 141 , develop- 
ment, 133 , morphology, 
130 

Rhizopa, 316 
Rhizopmae, 315 
RJnzorhma, 93, 104 
Rhynchocvnetes , 256, 311 
Rliyncbocinetidae, 311 
Rocznda, 199, 220 
Rondelet, 254, 319 
Roots of Anclasma, 138 , 
of Liriopsidao, 217 , ot 
Rbizocepbala, 130, 132 , 
of Rhizorhimt, 93 
Roseuhof, 254 
Rostial plate of Lepto- 
straca, 152 , of Stomato- 
poda, 320 

Rostru-lateral plates of 
Cimpulin, 111 
Rostrum of Copepoda, 74 , 
of Cimpodia, 110 , of 
Decapoda, 255 
Rutiderma, 00 
Rutidermatidae, 69 

Saccsdma, 107, 130-134, 
141 , externa, 137 ; 
interna , 135 
Samt-Ange, Martin, 107 
SappJuuna , 103 
Sarcotacea, 137 
Bars, G O , 30, 40, 56, 68, 
72, 102, 103, 161, 171, 
181, 183, 190, 191, 196, 
214, 218, 225, 244, 249, 
250, 251 

Saiaidla , 69, 60, 62, 66, 
69 

Sanuellidae, 69 
Savigny, 3 
Say, 183 

Sayce, 0. A , 102 
Scale of antenna, 11 , in 
Eupbausiacea, 245 , in 
Decapoda, 265 , in Iao- 
poda, 198 , m Malaco- 
s trace, 145 , in Myei- 
dacea, 173 , in Stomato- 
poda, 321 , in Tanai- 
dacea, 191 

Scalpellum, 110, 116, 118, 
119, 121, 138, 140 
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Scaphogimthitc, 266, 268 
Scolulac, 241 
Schuller, 20 
Scluodte, J C., 106 
Sehizopoda, 148, 244 
Seliizopod-Htagu of Deca- 

poda, 291, 297, 209 
tieirn, 241 
Scuildnc, 241 
ScolecUhiuc, 102 


1S8 , of Decapoda, 306 , 
of Euphausiacea, 251 , of 
Iaopoda, 217 , of Lepto- 
Btraca, 159 , of Mysi- 
dacea, 180 , of Oatra- 
co<1r, 67 , of Stomato- 
poilo, 320 , of Syncanda, 
167 , of Tauaidacea, 194 
SlabbeT, 107, 254 
Slultei, 137 


Stenothoidae, 241 
Stepkos, 102 

Sternal canal of Decapoda, 
263 

Stemite, 4 
Stilomyainoe, 181 
Stilomysis, 181 
Stomach, 14 

Stoniatopoda, 2, 143, 319 , 
affinities and dassifiea- 


8u)ttnc}i&rctt, 86, 103 
Houlda, 330 

Scutum of Cimpudia, 110 
Seyllaridae, 255, 266, 312 
Heylhu idea, 263 , deflm- 
tion, 312 

tfu/llanui, 290, 300, 312 
,Si ypliacinae, 220 
ScypJiax, 220 
Segmentation of egg, 22 
Sella tiucica, 263 
Seuso-orgaiiH, 91 , of Am 
plupodo, 236 , of Biau 
chiopoda, 46 , of Bran- 
oluuro, 98 , of Cirripodin, 
117 , of Decapoda, 287 , 
of Euaopopoda, 84 , of 
Iaopoda, 211 , of Mysi- 
docca, 178 , of Ostra- 
coda, 66 , of Storaato- 
poda, 326 , of Synconda, 
166 

Sargextc&y 287, 288, 297, 
299 311 

SergeHtldae, 208, 273, 288, 
295, 304, 311 
Sorguhtlnae, 311 
Serolidue, 197, 203, 204, 
220 

Scroll 199, 208, 220 
Scsumut, 315 
Sesarmiimo, 315 
Setao, 19 
Sctdla, 103 
Setobranchia, 277 
Soxnnl dimorphism, 21 
Shell- fold* 6 
Shell-gland, 16 
Sicj/onut, 811 
Slcyonluae, 311 
Sula, 41, 53 
Sldldao, 44, 47, 53 
Sunocepludw , 44, 53 
Simoaa, 68 

Siphonoatomata, 78, 101 
Si/riellct, 176, 177, 182 
Sinollmae, 182 
Size of Araphipoda, 239 
of Branehiopoda, 60 , of 
Oirripedio, 138 , of Cope- 
podo, 100 , of Cumaceo, 


Smith, G , 132, 107, 130, 
105, 170, 194, 292 
Socames, 229, 241 
Solenocei a, 265, 311 
Somite, 4 

Spence Bate {sec Bate) 
Spennatlieca of Eucope- 
poda, 86 ( see Rocepta- 
culnm aemmis) 

Sperm atoph ores, 21 , of 
Eueopopoda, 80 , of De- 
capoda, 290 

Spermatozoa of Cimpedia, 
118, of Decapoda, 290, 
of Ostracoda, 67 
Sphaeroma t 210, 213, 220 
Sphaeronudae, 199, 203, 
204, 205, 207, 209, 212, 
216, 220 

Sphaerominae, 220 
Sphaerothylacua , 130, 137 
Sphympus , 191, 195 
Spinning- organ of Ostra- 
coda, 59 

SpiroTUocor w, 311 
Spiropagurus , 289, 313 
Sponfficola , 305, 311 
Squama (see Scale) 

Sqmlla, 319-323, 328 330, 
331 

Squillacea, 148 
Squilhdae, 331 
Statocyst, 20 , of Amphi- 
poda, 237 , of Decapod^ 
287 , of Eucopepodo, S5 , 
of Iaopoda, 211 , ot Mysi- 
dacea, 178 , of Syncanclo, 
166 , of Tanaidacen, 198 
Stebbmg, 139, 225, 240 
Steenstrup, 72 
Stegocephahdae, 241 
Steyocephalus , 241 
StenaselluB , 197, 219 
Stenetnidae, 205, 206, 

219 

Stenetnunij 219 
Stenopidae, 311 
Steuopidea, 263, 300 , de- 
llmtion, 311 
Stenopus , 201, 311 
Stenothoc, 241 


tion, 330 , development, 
326 , historical notes, 
319 , habits, etc., 329 , 
morphology , 319 , palae 
ontology’, d30 
Stomodaeuui, 14 
Stiadulating organs, 305 
Stylocente, 205 
Stylodieirou , 247, 248 249, 
252 

Stylodactylidae, 268, 311 
Stylodaclyhis , 271, 311 
Stylopodite, 140 
Sub-apical lobe of Branehio- 
poda, 39 
SubliYpenm, 225 
Snctonn, 107 

SunmiLr eggs of Brancluo- 
poda, 49 
Swam, 218 

Swammerdam, 29, 254 
Sylon, 130, 131, 133, 141 
Symmetrica, 106 , defini- 
tion, 140 
Sympodite, 7 
Synctyoga , 125, 126, 127, 
140 

Synagogidae, 140 
Synearida, 1, 143 , affini- 
ties aud classification, 
168 , definition, 14S, 
162 , habits, etc , 167 , 
historical notes, 162 
morphology, 162 
Syiiopia, 236, 241 
Synopideo, 225 
Synopndae, 241 
Synurella , 232, 233, 234, 
241 

Tachaea , 219 

Tahtridae, 231, 235, 239, 

241 

Tahtms , 241 

Tauaidacea, 2, 143 , affini- 
ties and classification, 
194 , definition, 190 , 
development, 194, 
habits, etc., 194, his- 
torical notes, 190 , mor- 
phology, 191 
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Tamudno, 193, 192, 1913, 
194, 195 

Tctnaia , 190, 193, 196 
Taputum, 19 
Tartarean, 178, 181, 24S 
Tegastca , 103 
Telaon, 4 
Temora , 102 
Tergite, 4 

Tergum of Ctrripodia, 110 
Tenuatml Ducapoda, 281 , 
I^opodo, 205 
Tlutlanuta , 315 
Tliolamitinao, 316 
Thalassuut , 304, 313 
Thalnssinltlae, 291, 313 
Tlialasainidcu, 253 , defini- 
tion, 313 

ThalassocarlnaB, 311 
Thalassocans, 311 
Thcrtestris , 103 
'Thamiiooepbalulae, 63 
Thamnocephalus , 35, 63 
TJlcli ybi3 } 102 
Thelphiwa, 316 
ThelphusUbiu, 304 
Thelycum, 200 
ThGfius, 312 
Tkw, 316 
Tbumomann, 211 
TbmiaG, 316 

Thompson, J Vaughan, 3, 
107, 244, 254 
Thompsoma, 137, 141 
Thomaou, G M , 162 
Thoracic appendagua of 
ATuphipoda, 229 , of 
BrauLliiura, 90 , of Cu- 
moceu, 186 , ol CLmpetha, 
114 , of Cnpopoda, 79, 
81 , of Decapoda, 208 , 
of EupbansiaLea, 246 , 
of Iaopodo, 198 , of 
MalauoHtraea, 145 , or 
Mysulacea, 174 , of 
Stomntopoda, 322 , of 
Syncanda, 164 , of 
Tanuidacea, 191 


Tlmiacu'ii, 1, 10o , mmpho- 
logVi 108 , dcllmbion, 

140 

TlioiaucHtmtii, 117 
Tliora\, 0 
Tliordl, 101 
Thj/wpux, 241 
27/ i/mnopntfa, 251, 262 
Tnou , 236, 241 
Tuonldiiu, 241 
Tortnmix, 102 
Tntohehfer, 301 
Tutpcxia, 316 
Tiupeziuuiu, 31B 
Tunny ulus , 131, 141 
Tikliobianoliiatu, 277 
TrldiodaLtylniRo, 316 
Ti idioilacti/lm , 316 
Tricliomsudae, 220 
I Tuchaniscus , 220 
| Trilobita, 3 

Ti isrhi jmIomu, 230, 239, 

241 

Tritocuiobumi, 17 
Trunk appendages, 12 
Tri/pctc8a, 140 
Tij/pJiamt , 241 
Tiypliaimlftp, 241 
TnJncinettu, 138, 140 
Timilcpas, 100, 138 
Tylidae, 203, 212, 220 
T i/l(i8, 220 
T ypton , 305, 311 

Upogebut , 274, 301, 313 
Upogobiiime, 313 
Undo, 2L8 
(Jioncctes , 167, 108 
Uropads, 147 , of Ampbi- 
pocla, 23 2 , of CiiiiiaLcn, 
187 , of Decapoda, 274 , 
of Eupliauhiocea, 217, 
of iHopoda 207 , of My- 
aidacea, 176 , of Sto- 
matopodo, 323 , of Syn- 
carlda, lbG , of Tanai- 
dacea, 103 
Uioptycbidue, 313 


THE END 


Uiojrfi/ihitB, 27 0, 313 
Uruthot *, 241 


Valvlluia, 190, dollmilon, 
220 

1 <u Uiuf, 316 
Vuiuninae, 316 
Vuaa dolcrmitia, 21 
Vaunlonipxoma, 188 
Viiiiiitonipmmiidiiu, 188 
Vt jclovakv, J' 1 , 1 02, 160 
IV/ ruut y 1 J 2, 138, 140 
Vumn nine, 115, 140 
Vihilw, 233 , 241 
Vibiliicliic, 241 
Vnliius, 311 
Virna, *207, 220 
VitdlopbngH, 22 


WilI lung-lugs of DuMpoda, 
271 

Wall of (Jirripudiu, 1 10 
Watui-lluaH, 20 
Weinman n, 30 
Westwood, 22.5, 254 
Williamson, 275 
Wintui uggH nt Jlmnduo- 
poda, 47, 49 
Wollubaek, 21, 292 
Woodwuid, II , 168, 180 


Ximthuluo, 315 
Xaiitldiuu 1 , 315 
X unlfm, 316 
Xtiiwhilavu s, 113, 140 
Xenoplitlmlnunao, 315 
Xcnopht/uthMts, 315 
XipboHiuii, 3 


Zoddauli, 30 
Zflnkui, 56, 72, 81, 101 
Zooa, 24, 25, 293, 200, 

297, "01, 302 
Zyyoxiphan, 184, 188 


Printed by R & R Clark, Limited, Edinburgh. 
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NOTE 

This work rests chiefly upon the results of experimental embryology, 
the most recent branch of biology, in which the authoi is personally 
concerned The first volume deals with the science of the organism 
and discusses the chief results of analytical biology in two parts, and, 
m the author’s view, results in two main pi oofs of the autonomy of 
life, or what may still be called, if m a modernised sense, “vitalism,” 
as distinguished from “ mechanism ” The second volume, continuing 
the exposition of the science of the organism into a third part, contains 
a detailed theory of animal movements, reflexes, instinct, and, in 
particular, action, resulting in a third main proof of tho autonomy of 
life The foundation of a complete system of scientific biology having 
thus been laid, the remainder of the volume — forming its larger half — 
is devoted to the philosophy, as distinguished from the science, of the 
organism The central part of this concluding discussion is devoted 
to a thorough analysis of the concept of “teleology” and its relation 
to the inoiganic sciences. 
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